Hydrology and Water Quality of the Shallow Aquifer
System, Yorktown Battlefield, Colonial National
Historical Park at Yorktown, Virginia

U.S. Department of the Interior
National Park Service



Hydrology and Water Quality of the Shallow Aquifer
System, Yorktown Battlefield, Colonial National
Historical Park at Yorktown, Virginia

By
Gary K. Speiran and Michael L. Hughes

U.S. Geological Survey
1730 East Parham Road
Richmond, VA 23228

September 2001

Cooperative Agreement
|A 4000-9-9013

National Park Service
Mid-Atlantic Regional Office
Division of Resource Management and Visitor Protection
143 South Third Street
Philadelphia, PA 19106-2878



CONTENTS

SUIMIMIBITY ettt oo oo oo 44422 e o2 e e e e e et eeeeeeeeeeeteee et ae s s skt s 45 smmm o £ £ 4444444444444 2e et en et ennbeenbnbnbnnnnn 3
[ a1 o o [¥Tei 1 [o] o ISP PP PP PPPPPPR 4
PUIPOSE BNA SCOPE ..eeeeieiiiiiee ettt ettt e e e e e e e e s s bbb b et et e e ea e e e e e aab b beeeeaaaasammmnte e e e e e e e nnbebbeaeaaaaens 6
PrevioUS INVESTIGALIONS ... ..ueiiiiiiiiie ettt e e e e e e e s et b et et et e e e e e e e s e s st memeaammmmmmm se s s s bbseeeeeaaaeesaaaann 6
(DS ol g o] (o] gl e] =10 Lo V=T =T LU PRPUP SRR 7
PRYSIOQIAPNY ...t e et e e e e e e e e ettt e e—— 111 pp e 7
Land cover 9
LCT=To] (oo | PP RURPRRRN 9
Y0 | TSP OPPPPP PP 13
[ 1 o] (oo | OO T TS UPRTPPPPP 14
Processes affecting ground-water QUAIILY .............ooooiiiiiiiiiiii et meeee e e e e eaa e e e e e e e aanes 15
F o g 0N =To [0 | 41T 1 £SO P UPUPU R UPTTP 18
=1 g oo L T O PP PP U P PP PPPPPP 18
(€T (e10 gTo RNV 1 e ol )Y e [ £o] (o] |V TP PPPPPUTTRT 20
Aquifers and CONfINING UNIES .. oottt e e e e e e s e s a bbbt e e e e mmmneeeeaaaeeaeassessannbnbeeeeeeas 20
York County shallow aquifer system (Undivided) ..........c..euiiiiiiiiiiiii e e s 20
(O7e] (¥ aa] o T == To [0]1 =] SR PP TP 20
Cornwallis Cave CONFINING UNIT .....ooiiiiee et e e e e e e e s bbb s £ 21t 22
CornWalliS CaVe AQUITET ... ..ottt e ettt e e e e e e e e e s rmmmmmeeeaeeaasssseeaeaaeeens 23
YOrktown CONFINING UNIT ...ttt e e e e e e e e e e e e e e e e mmm b eeeeae e e e e s 24
YOrKtOWN-EAStOVEr QUITET ...t e et e e e e e e e e e e e e e e e e e e eanes 24
Conceptualized ground-Water fIOW ..........ooo i e enan e 24
(T (ol0 aTo BNV LT oo (U= 1 TR PPTPPPTPRRRN 29
(7o) [T 100 o1 F=r=To [ U1 (=7 SO PR T TP POTPPUPPPTRPT 29
CornWalliS CaVe GQUITET ...ttt e e e e e ettt et ee e e e e e s ammmeeeeeeeaasssbbeeeeeeaaaeeaaaannes 30
(DI To1 U 1o o O PP PP PP PP PPPPPPP 38
Future monitoring AN FESEAITI .........ueiiiiiiiii ettt et e e e oo e et et s mm £ £ £ £ £ et 22222 e e e e e nnne 40
1Y/ [T a1 (o] o [P PUT TP 41
GeOohYdrolOgIC fTAMEWOTK .........u ittt e e e e e e e ettt ettt e e e e e e s s s aamneeeeeeeaaaasaansbnbeeeeaasaasaans 41
Connection between the Shallow Aquifer System anelb®is, Wetlands, and Associated Habitats .......................
Y (] (=] o1 T PP PP PP PP PTPPPPP 43
[ o] [=Te S o (] 41T o | A PP TR PPRPPRN 46
Y 011 - (o ST TP PP VPP PP T OPPPPPN 47
0] o] =T 1o TP PP PPPPPPRPPP 47
Figures
Al. Location of Yorktown Battlefield, the Gitain Ponds Natural Area Preserve, and nearby
physiographic features, Colonial National Historieark at Yorktown, Virginia ..........c..ccceeeeviiieeeenniiiee e, 48
A2. Selected possible hydrologic relations betwiéenseasonal ponds and the shallow aquifer;
(A) the Columbia aquifer perched and having a high water table (the upper part of the Cornwallis
Cave aquifer is unsaturated), (B) the Colundsnaifer perched and having a declining water
table, (C) the seasonal pond perched, and (D) the Columbia and Cornwallis Cave aquifers saturated
With @ decliniNg WALEE tADIE ... et e e e e e e me et e e e e e e e e nnbbeeeeeaaaaeeeeaans 50
e o] [=Tot Ao [STST ol 1] 1 o] o [N OO PP PUPPTPROS 51
RETEIENCES ... ittt e e s b et e o e s et e e ek b e e e e e e e e e e sb et e e e e s b b e e e e e anbr e e e e e nnes 53
e L] (][ e 1 (=] T O P T TP PPPRR 53
1. Significance of the resource or issue to the Park ... e 53
2. Severity of resource threat, problem, Or NEEd ............eiiiiiiii i e 53
3. Problem definition and information DASE ............oouiiiiiiiiiiie e 53



T 1] o] /SRR
5. Problem resolution
6. Transferability .........cccouiiiiiiiiee e
7. Cost effectiveness

(01T RS = =1 21T | SRR

Y o 1] 1 = (o
=g 0] o] =Y o o

Figure

A3.

Generalized relation between geology and geohydiolamits and ground-water flow paths ..............ccccccvvneen.
L (o 1= 0 LTS o3 T o 4o ) o PSSR
Sy (=] (=] o1 PRSP
= L] LT T 1 (=1 £ SR
. Significance of the resource or issue to the park
. Severity of resource threat, problem, Or NEEA ...........ccoiiiiiiiiiiii e e e e e e e e
. Problem definition and information base ............iiiiiiiiiiin e,

CFBASIDIIILY . e et e e et —— 111111ttt e e e s
. Problem re@SOIULION .....veeiieiiee e ———— s
 TrANSTErability ........eeieiiii e

. COSt effECHIVENESS ... e

NOoO O~ WNPRE

FIGURES

12. Specific conductance, pH, and concentratiorgafzfium, bicarbonate, silica, and iron in water
from selected springs discharging from the Columbia aquifer and Cornwallis Cave aquifer ...........ccccccceeveeeennn.
13. Concentration of major ions in water from selected SPriNgS ......uvivirieiii i s nnees 32
14. Concentrations of nutrients in water from selesgihgs discharging from the Columbia aquifer and
CornWallisS Cave AQUITET ... e e s st r e e e e e s e s et eeeeeeeeesssrmmeenneeeeennsssereeeeeeeseannnnnnes 36
15. Concentrations of nitrite plus nitrate in water from selected SPrings ..........cccovviviriiee e, 39
TABLES
1. Major soils and selected soil characteristics near Yorktown Battlefield, Colonial National
Historical Park at YOrktOWN, VIFGINIA .....cooueiiiiiiiiiee ettt meememmmmmm e e e e e as 14
2. Record of control wells and geohydrologic data .............. 22
3. Water-quality data from selected seeps and springs in Apl’l| 2000 ............................................................ 33

. Generalized relation between geohydrologic wnitsground-water flow paths

Location of study area near Yorktown Battlefield, ColoMational Historical Park at Yorktown, Virginia ........ 5

General location Of SCArPS aNd tEITACES ......cccuviiiiiiiieie e i e s er e e e e e s s s s st e e ee e e e s e s eeaeneseaammnnnnseaeneeeeeees 8
Deep valley and steep valley wall of the York River Basin (A) and a less deeply incised valley and more
gently sloping valley wall of the James River Basin (B) .. crrrrrrrreeeeeeennnnses s mmm———. 10
Fields maintained for their hisical significance, forests, arlinle VISI'[OI’ center 11
Relation between geology and geohydrologiC UNILS ...........ceieeiiiiciiiiiiiiie e e e e e srmneeeeeeeeeesnes 12
Diffuse discharge of a seep (A) and the focused discharge of a spring (B) .. + v e + 11 1O
Location of geohydrologic sections, selected wells and boreholes having geohydrolog|c data

and selected springs having water-quality data ..
Geohydrologic sections A-A and B-B’ ...

Altitude of top of Yorktown confilmMg UNit ............oooiiiiiiiiiie e

Altitude of top of Yorktown-Eastover aquifer ...........cccccveviiiiee i




CONVERSION FACTORS, VERTICAL DATUM, AND
ABBREVIATED WATER-QUALITY UNITS

Multiply By To obtain

Measurements Reported in Inch-Pound Units

Length
inch (in.) 25.4 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
Area
acre 0.4047 hectare (ha)
Velocity
inch per hour (in/h) 25.4 millimeter per hour (mm/h)
foot per day (ft/d) 0.3048 meter per day (m/d)
Hydraulic Conductivity
foot per day (ft/d) 0.3048 meter per day (m/d)

Measurements Reported in International System Units

Length
micrometer im) 0.0000003937 inch (in.)
millimeter (mm) 0.0003937 inch (in.)

Water temperature is reported in degree Celsius (°C), which can be converted to degree Fahrenheit (°F) by the following
equation: °F=1.8 (°C) + 32

Vertical datum: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929—a geodetic datum derived from a general
adjustment of the first-order level nets of the United States and Canada, formerly called Sea Level Datum of 1929.

Abbreviated water-quality units: Chemical concentration is reported in milligrams per liter (mg/L) or micrograms per liter (ug/L). Milligrams
per liter is a unit expressing the concentration of chemical constituents in solution as mass (milligrams) of solute per unit volume (liter) of water.
One thousand micrograms per liter is equivalent to one milligram per liter. For concentrations less than 7,000 mg/L, the numerical value is the

same as for concentrations in parts per million. Specific conductance of water is reported in microsiemens per centimeter at 25 degrees Celsius
(uS/cm).



Hydrology and Water Quality of the Shallow Aquifer
System, Yorktown Battlefield, Colonial National Historical
Park at Yorktown, Virginia

By Gary K. Speiran and Michael L. Hughes

SUMMARY unit, the Cornwallis Cave aquifer, the Yorktown
_ ) confining unit, and the Yorktown-Eastover aquifer.
Yorktown Battlefield, a part of Colonial National The physiography near Yorktown Battlefield

Historical Park, was the site of the culminating battle Ofsubstantially affects flow through the shallow aquifer
the American Revolutionary War. The National Park system through associated effects on the geology,
Service operates and maintains the battlefield primarilytream incisement, and locations of recharge and
to protect the historical and cultural resources of the  gischarge areas. Because terrace deposits are present at
area but also to protect the streams and wetlands. Thegg@ferent elevations and are incised by stream valleys,
streams and wetlands provide (1) critical habitat for  sediments that form the Columbia aquifer and
rare, threatened, and endangered species; (2) nurseriggrnwallis Cave confining unit form discontinuous
for numerous commercial and recreational sport rather than laterally continuous geohydrologic units.
fisheries species; and (3) opportunities for observationthe Columbia aquifer and the Cornwallis Cave
education, and recreational fishing. Because ground- confining unit are also limited in extent because
water discharge from the shallow aquifer system can gediments that commonly form these units are
contribute more than half of the flow in the streams and,nsaturated beneath the uplands near the stream
a large part of the water to the wetlands, this dischargga|leys. Stream incisement also reduces the thickness
can substantially affect the quantity and quality of  of the Cornwallis Cave aquifer beneath the valleys and
water in the streams, wetlands, and associated habitalgartly controls ground-water flow. Valleys of streams
near the battlefield. Consequently, knowledge of the  qrajning to the York River Basin are shorter and more
hydrology and water quality of the shallow aquifer  geeply incised, have steeper walls, and are separated
system is critical to the protection of these natural from one another by narrower upland terraces than
resources. In 1999, the U.S. Geological Survey, in  y3leys of streams draining to the James River Basin.
cooperation with the National Park Service, began a The Cornwallis Cave aquifer is the primary
preliminary delineation of aquifers and confining units source of discharge from the shallow aquifer system.
and a general characterization of the hydrology and - Thjs aquifer underlies the entire battlefield except at
water quality of the shallow aquifer system near the northwest boundary along Ballard Creek and the
Yorktown Battlefield. One of the purposes of the studyygrk River. Stream incisement into the Cornwallis
was to determine the types and amounts of additional cgye aquifer creates a good hydraulic connection
information needed to evaluate the effects of the between the aquifer and the streams and wetlands
shallow aquifer system on the quantity and quality of throughout the battlefield. Because streams do not
water in the streams, wetlands, and associated habitafgeise through the Yorktown confining unit into the
Yorktown Battlefield is underlain by a system of yorktown-Eastover aquifer near the battlefield, the
interlayered aquifers and confining units. The deep paryorktown-Eastover aquifer is poorly connected to the
of the aquifer system (generally deeper than 150 ft) iSstreams and wetlands near the battlefield.
poorly connected to the shallow part of the aquifer Because of the good hydraulic connection
system, streams, or wetlands. The shallow aquifer  petween the streams and the Cornwallis Cave aquifer,
system is WeII_ connected to the streams and wetlandsghg|iow ground water generally discharges to local
and is the main source of ground-water discharge. Th@treams rather than flow under the streams to regional
shallow aquifer system at increasing depth consists ofgischarge areas. Therefore, the potential is limited for
the Columbia aquifer, the Cornwallis Cave confining  the transport of contaminants from recharge areas
outside the battlefield through the shallow aquifer



system to the battlefield. Flow under streams to lack of appropriate wells and other sources of
regional discharge areas most likely occurs through theubsurface information at the battlefield, future
Yorktown-Eastover aquifer, which is also the most research would necessitate the installation of more
likely pathway for the transport of contaminants from wells throughout the battlefield to provide additional

sources outside the battlefield to the battlefield. geologic and other information. Future research on the
Contaminant transport through the Yorktown-Eastovershallow aquifer system could include (1) continued
aquifer, however, probably is limited by the low development of the geohydrologic framework; (2)

permeability of the overlying Yorktown confining unit. monitoring of ground-water levels and quality, rates of
The quality of ground water (represented by spring discharge, streamflow, and stream-water quality;

spring discharge) near Yorktown Battlefield depends orand (3) evaluation of the connection between the

the aquifer from which the water discharges and the shallow aquifer system and the streams, wetlands, and

location of the spring. Concentrations of major ions associated habitats. The framework provides the

were lower in water discharging from the Columbia  conceptualization of the physical constraints that

aquifer than from the Cornwallis Cave aquifer. control the flow of ground water and transport of

Concentrations of bicarbonate ions in water from two contaminants. Monitoring provides essential

springs discharging from the Columbia aquifer, for  information for evaluating long- and short-term trends

example, were 0 and 6 milligrams per liter (mg/L); in the hydrology and water quality of the shallow

concentrations in water from 12 springs discharging aquifer system, streams, and wetlands. A better

from the Cornwallis Cave aquifer ranged from 133 to understanding of the connection between the shallow

410 mg/L. The primary source of high concentrations aquifer system and the streams, wetlands, and

of bicarbonate ions in the Cornwallis Cave aquifer associated habitats is needed to protect and manage the

likely is the dissolution of aragonite in shell material in quantity and quality of water in these systems.

the aquifer. Concentrations of bicarbonate ions in water

discharging from the Cornwallis Cave aquifer in the

York River Basin generally were higher than INTRODUCTION

concentrations in discharge in the James River Basin. Colonial National Historical Park (CNHP) is a

The higher concentrations in discharge in the York g 357 51¢ (3,775-hectare) part of the National Park

River Basin can result from less precipitation of calciteSystem located in north-central York County, Virginia
from water in the York River Basin where flow paths (fig. 1). The park preserves the historic resources of

are shorter and ground water likely is younger than in Jamestown Island, the site of the first permanent

the James River Basin. English settlement in North America, and Yorktown

_Concentrations of bicarbonate ion control the Battlefield, the location of the culminating battle of the
buffering of ground water. The pH of water from two American Revolutionary War. The 23-mi-long (37-

springs discharging from the Columbia aquifer (low .y ojonial National Historical Parkway connects

bicarbonate concentrations) was 4.5 and 5.1, whereasy, i asiown Island and Yorktown Battlefield. The park
that of water from springs discharging from the also preserves the streams and wetlands within these
Cornwallls_Cave aquifer (high bicarbonate _ areas. The streams and wetlands at Yorktown
concentrations) ranged from 7.0to 7.8. Th(_a PH, in turng_ viefield provide (1) critical habitat for rare,

affects other aspects of ground-water quality, for threatened, and endangered species, (2) nurseries for
example, aluminum concentrations of water from two ,;erous commercial and recreational sport fishery
springs discharging from the Columbia aquifer were species, and (3) opportunities for observation

410 and 140 micrograms per litgry(L), whereas education, and recreational fishing. ’
concentrations in water from springs discharging from Nurr;erous documents contain guidelines for

the Comnwallis Cave aquifer were less than th@d/h 1, 5n44ing activities and the historical, cultural, and

mlnlmut:n reportldn_g limit. Vsi based bri i natural resources of the park. The Water Resource

T € preceding analysis was based primarily on Management Plan (Center for Coastal Management
surface information (soils, outcrops, topography, and 4,4 pojicy and National Park Service, 1994) contains
springs) at the battlefield and on subsurface guidelines for managing the water resources of the

inform_ation from wells and boreholes surrounding the park. The plan discusses (1) available information on
battlefield. Because of the complex geology and the



76°34'

76°28'

76°32' 76°30"
P —
X o
Creek >
US.NAVAL o ~ S, R’VER
V\élﬁ_ﬁ_lF_’I%NNS <° s Yorktown
37°14' ﬁ s o
- & I
Grey S Parkway
@)
(]
N X
\ RulY
\ Q

37°12'

7
C’@s/(

peaver dam

Newport News \
Reservoir

\

N

2 MILES
|

o —T O
[y

Branch

2 KILOMETERS

EXPLANATION

]

YORKTOWN BATTLEFIELD

AREA INSIDE OUTER PARK BOUNDARY
NOT A PART OF PARK PROPERTY

Figure 1. Location of study area near Yorktown Battlefield, Colonial National Historical Park at Yorktown, Virginia

10

&M{;‘J%///J | @“@s

Blue Rldge

N
/\/\ )

Appalachian / Q‘-\b
Plateau

fgfx-,

Chesapeake Bay
Impact Crater

e

Coasta! Plam

STUDY AREA



the water resources and water-dependent environmentsf the shallow aquifer system is characterized by use of
(2) major water-resource management issues, and (3)water-quality data from samples collected from springs
the need for inventorying, monitoring, researching, andand seeps during this study. The report also identifies
managing the water resources of the park. The plan additional research needed on the shallow aquifer
identifies a general need to better understand the system and its effects on streams, wetlands, and
hydrology and aquatic resources of the park, associated habitats.
recognizes the hydraulic connection between the park
and surrounding areas, and identifies a specific needto o
delineate and characterize the shallow aquifer systemPrevious Investigations

Ground water is important to the park partly i i L
because ground-water discharge supplies a large part of revious investigations of ground water near

the freshwater flow to streams and can be an importantorktown Battlefield generally have emphasized areas
source of water to wetlands. Consequently, ground outside of the battlefield. Early investigations evaluated
water is an important potenfial pathway for' the ground-water resources of the entire Coastal Plain

contaminant transport from land surface to streams an(af Virginia or of the York-James Peninsula part of the_
wetlands. Because the shallow aquifers (aquifers Coastal Plain and genera_lly focusgd on the deep aquifer
generally shallower than 150 ft) have a better hydrauli¢YStem- Sanford (19hl3) first delzsclrlped t(]fe ground-
connection with streams and wetlands than the deep Wate_r resources ,Oft e Coastal Plain .Of rginia,
aquifers (aquifers generally deeper than 150 ft), the providing drillers ngs, well-construction records, and
shallow aquifers are the primary sources of ground- groun_ctzl)-vgatﬁr-qualltyddata. Cederstrom (]}%57) K
water discharge. Therefore, the hydrology and water d€scribed the ground-water resources of the York-

guality of the shallow aquifer system can substantially“-lames Peninsula, prpw_dl_ng additional information for
affect the surface-water resources. wetlands. and the local area. The Virginia State Water Control Board

associated habitats of the park and surrounding areas(1973) described the geohydrology and water quality of

In 1999, the U.S. Geological Survey (USGS), in the “upper and principal artesian systems” of the

cooperation with the National Park Service (NPS), ~ Peninsula. Harsh (1980) studied the deep aquifer
began a study of the shallow aquifer system near system of James City County, which is located west of

Yorktown Battlefield. The primary objective of this the_battlefielql. Meng and Harsh (1988) delim_aated nine
study was to provide a preliminary delineation and ~ '€9ional aquifers throughout the Coastal Plain by

characterization of the shallow aquifer system near c_orrelat_ing geophysical logs, drillers Iogs_, and .
Yorktown Battlefield and to identify additional lithologic logs as a part of the USGS Regional Aquifer-

research on the shallow ground-water resources that iSYSt€™M ?ni%%is (R%SAL_PTOQI"‘?W H;‘_r;’h and del
needed for the management of park resources. Laczniak (1990) used a digital, finite-difference mode
to simulate ground-water flow throughout the Coastal

Plain, also as part of the RASA Program. Laczniak and
Purpose and Scope Meng (1988) used a digital, finite-difference model to

simulate ground-water flow near the York-James

The purpose of this report is to provide (1) a Peninsula.

preliminary delineation of the aquifers and confining Recent studies have focused on the hydrology
units and (2) a general characterization of the and quality of the shallow ground water near Yorktown
hydrology and water quality of the shallow aquifer Battlefield. Brockman and Richardson (1992) and
system near Yorktown Battlefield, Colonial National Richardson and Brockman (1992) described the
Historical Park at Yorktown, Virginia (fig. 1). The shallow ground-water hydrology and quality of York
shallow aquifer system described in this report include€ounty. Brockman and others (1997) described the
those aquifers and confining units that extend from  shallow ground-water hydrology of the adjacent U.S.
land surface to and including the upper part of the Naval Weapons Station Yorktown, in north-central
Yorktown-Eastover aquifer. Descriptions of the York County to the west of Yorktown Battlefield. In
aquifers and confining units and the hydrology of the 2001, the USGS completed a study of the apparent age
shallow aquifer system are based primarily on available@nd behavior of ground water in the shallow aquifer
geologic and hydrologic information. The water quality

11



system of the Naval Weapons Station (Nelms and
others, 2001).

It covers approximately 4,300 acres (1,740 hectares) in
north-central York County and is adjacent to the City of

Johnson and others (1998) and Powars and Bruc¥orktown.
(1999) described the effects of the impact of a comet or

meteorite into sediments beneath what is now
Chesapeake Bay. This impact occurred about 35
million years ago and formed the approximately 56-mi
(90-km)-wide Chesapeake Bay impact crater (fig. 1)
containing disturbed and redeposited sediments.
Although the depth of the top of the redeposited
sediments beneath Yorktown Battlefield is several

hundred feet, the presence of the impact crater benea{

the battlefield possibly affects the composition and
stratigraphy of shallow sediments.
Additional studies have evaluated the shallow

ground-water hydrology at hazardous waste sites at th
Naval Weapons Station and were conducted under the
Resource Conservation and Recovery Act (RCRA), the

Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA), and the
Superfund Amendments Reauthorization Act of 1986
(SARA) (Dames and Moore, 1986, 1988; Baker
Environmental, Inc. and Roy F. Weston, Inc., 1993;
Baker Environmental, Inc., 1995). Consequently, thes
investigations focused on the assessment and

remediation of potential surface-water and (or) ground

water contamination.

Site-specific studies of the ground-water
hydrology of Yorktown Battlefield are limited. Focazio
(1997) identified 36 springs and seeps near the
battlefield. Water samples were collected from each
spring and analyzed in the field for selected propertie
in May and August 1996. Samples from 10 of the
springs were analyzed for chlorofluorocarbon
concentrations to determine the “apparent age” of the
ground water. More recently, the NPS and Virginia
Institute of Marine Sciences installed 18 shallow wells
at Yorktown Battlefield to evaluate potential
contamination from sources outside of the battlefield
(Macintyre and others, 1998). Samples were collecte
quarterly and analyzed for a limited number of water-
guality properties; samples from five wells were
analyzed for selected organic compounds.

Description of Study Area

Yorktown Battlefield is located on the York-
James Peninsula between the York River and James
River estuaries in the Coastal Plain of Virginia (fig. 1).

12

Physiography

The physiography near Yorktown Battlefield
affects the shallow ground-water hydrology through
associated effects on geology, stream-valley
incisement, and the locations of recharge and discharge
areas. Different terraces commonly reflect the different

rmations across the area. Stream valleys are incised
ifferently depending on location and elevation, greatly
affecting the hydraulic connection between the shallow
aquifer system and surface-water bodies and wetlands.

his connection affects the location of recharge and
ischarge areas.

Land surface is characterized by five level to
gently sloping terraces at progressively lower
elevations (Lackey Plain, Grove Plain, Grafton Plain,
Huntington flat, and Hornsbyville flat) (Johnson, 1972;
Johnson and others, 1993) (fig. 2). Scarps separate
these terraces. Lackey Plain is located west of the

é)attlefield and ranges from 80 to 90 ft (24.5 to 27.5 m)

above sea level. An indistinct boundary separates
Lackey Plain from Grove Plain. Grove Plain covers a
large part of the northwestern part of the battlefield and
ranges from 70 to 75 ft (21.0 to 23.0 m) above sea
level. Camp Peary scarp separates Lackey and Grove
Plains from land at lower elevation along the York
River. Lee Hall scarp separates Grove Plain from

Grafton Plain to the southeast. Grafton Plain covers a

ﬁarge part of the central and eastern parts of the

battlefield and ranges from 48 to 60 ft (14.5 to 18.0 m)
above sea level. Kingsmill scarp separates Grafton
Plain from Huntington flat to the south; Suffolk scarp
separates Grafton Plain from Hornsbyville flat to the
east. Huntington flat is located in the Beaverdam Creek
valley in the south-central part of the battlefield and
anges from 30 to 45 ft (9.0 to 13.5 m) above sea level.

ornsbyville flat covers a 0.5-mi-wide (0.8-km) band
east of the battlefield and is 25 to 30 ft (7.5 to 9.0 m)
above sea level.

Stream valleys incise these terraces, causing
additional local changes in elevation. In the York River
Basin, the valleys of Ballard Creek, Yorktown Creek,
West Branch, and their tributaries are short and deeply
incised with steep walls (fig. 3A). The valley bottoms
generally are less than 10 ft (3 m) above sea level along
much of their length and slope gently toward the York
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River. Upland terraces that separate the valleys tend tanilitary purposes. Areas of contamination from

be narrow. The lower parts of the streams in these  hazardous materials have been identified at the

valleys are tidal. weapons station (Dames and Moore, 1986, 1988; Baker
Valleys in the James River Basin are longer thanEnvironmental, Inc. and Roy F. Weston, Inc., 1993;

those in the York River Basin and include the valleys ofBaker Environmental, Inc., 1995). A large part of the

Beaverdam Creek, named tributaries Baptist Run andarea southwest and south of the battlefield is a park

Great Run, and numerous unnamed tributaries (fig. 1)belonging to the City of Newport News that is

Great Run and Baptist Run flow to the east and primarily forested. Small residential and commercial

southeast to form Beaverdam Creek. Beaverdam Creekreas are scattered through forested areas to the west of

flows south across the southern boundary of Yorktowrthe battlefield, and mixed land cover lies east of the

Battlefield. These valleys are less deeply incised and battlefield.

have more gently sloping walls and broader valley

bottoms than those in the York River Basin (fig. 3B). Geology

The elevation of the valleys decreases from more than

50 ft (15 m) above sea level at their upstream ends to The lithology and the vertical and lateral extent

less than 20 ft (6 m) above sea level at the lower end ocff geologic units form the physical framework of the

Beaverdam Creek. Broad upland terraces separate theStéaHOW aquifer system. The following description of

vlleys. The teams i these valleys areronidal = 1109 Hened depostonal evronment, and
throughout the battlefield. X y

summaries from previous investigations near Yorktown
Battlefield by Johnson (1972), Brockman and
Richardson (1992), and Brockman and others (1997).
Land cover affects the hydrology and quality of The depth of shallow sediments described in this report
shallow ground water in various ways. Fields and generally is less than 150 ft (30 m).
forests are pervious surfaces that enhance ground-water  The shallow geology of York County consists of
recharge; buildings, roads, and other paved areas arenine formally named formations of early Miocene to
impervious surfaces that limit recharge. Wetlands can late Pleistocene age and undifferentiated alluvial and
be areas of appreciable ground-water recharge and marsh deposits of Holocene age. One of these
discharge. Materials on land surface and in the formations (the Yorktown Formation) is formally
subsurface can affect the ground-water quality. divided into four members. Some of these geologic
Large fields and forests are the predominant landinits, however, are absent and others are too deep to be
cover at Yorktown Battlefield (fig. 4). Upland grass  of importance to the shallow aquifer system near the
fields are mowed and maintained because of their  battlefield. Units that form parts of the shallow aquifer
historical and cultural significance as battlefields and system near Yorktown Battlefield in ascending
encampments. The remaining upland areas are stratigraphic order include the Rushmere, Morgarts
predominantly forested. Stream valleys are Beach, and Moore House Members of the Yorktown
predominantly forested wetlands except for the lower Formation; the Sedley Formation; the Bacons Castle
parts of the valleys in the York River Basin, which are Formation; the Windsor Formation; the Chuckatuck
non-forested wetlands. Sinkhole wetlands are the onlyFormation; the Shirley Formation; the Tabb Formation;
wetlands in upland areas. The remaining areas consisatnd modern alluvial and marsh deposits (fig. 5).

Land Cover

of roads, parking areas, and buildings for a visitor Although faults may be present and the thickness

center, offices, and maintenance facilities. and composition of shallow sediments can vary near
Land cover is diverse outside the boundaries of the battlefield because of the Chesapeake Bay impact

Yorktown Battlefield. Residential and commercial crater (Johnson and others, 1998; Powars and Bruce,

areas are interspersed inside the outer boundary but at899), specific effects on the shallow sediments have
not a part of battlefield property (fig. 1). The City of  not been studied at the battlefield. Consequently,

Yorktown and the York River are north of the potential effects of the impact crater on the geology and
battlefield. The U.S. Naval Weapons Station Yorktownhydrology near Yorktown Battlefield are not discussed
lies northwest of the battlefield and consists of a in this report.

mixture of forested areas and areas developed for
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Figure 3. Deep valley and steep valley wall of the York River Basin (A) and a less deeply
incised valley and more gently sloping valley wall of the James River Basin (B) near
Yorktown Battlefield, Colonial National Historical Park at Yorktown, Virginia.
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KT Visitor Center

Figure 4. Fields maintained for their historical significance, forests, and the visitor center at Yorktown Battlefield,
Colonial National Park at Yorktown, Virginia (view looking northwest).
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Quaternary
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—
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Shallow Aquifer System
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Yorktown-Eastover aquifer

Figure 5. Relation between geology and geohydrologic units near Yorktown Battlefield, Colonial National
Historical Park at Yorktown, Virginia.
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The Rushmere Member of the Yorktown Chuckatuck Formation is present primarily beneath the
Formation consists of shelly, fine-grained quartz sand Grafton Plain. It consists of sand, silt, clay, and small
and sandy shell deposited on an open-marine shallowamounts of peat deposited in a bay environment. The
shelf. It is laterally continuous and is below land Shirley Formation primarily underlies the Huntington
surface near the battlefield. The Morgarts Beach flat and low areas along the York River. It consists of
Member of the Yorktown Formation contains clay, silt, gravel, sand, silt, clay, and peat deposited in riverine
and fine-grained sand deposited in a wide lagoon and estuarine environments. In the study area, the Tabb
behind a barrier bar. It is laterally continuous beneath Formation underlies areas adjacent to the York and
the battlefield and is below land surface except where iflames Rivers. It consists of sand, silt, clay, and peat
is exposed near the northwest corner of the battlefielddeposited in estuaries and rivers and on barrier islands,
along Ballard Creek and the York River. The Moore beach ridges, flood plains, and point bars. Holocene
House Member of the Yorktown Formation contains alluvial and marsh deposits are present primarily in the
fine-grained sand, shell hash, and bioclastic sand river valleys and consist of clay, silt, and sand.
deposited during a marine-regressive period in a Deposition still occurs in stream channels and flood
progressively shallowing sea. In the upper part of the plains.

Moore House Member, much of the shell has

weathered from the sediment leaving fine-grained sandsoils
silt, and clay. The elevation of the contact between the
weathered and shelly parts of the unit varies by more
than 10 ft (3 m) in a lateral distance of less than 20 ft (
m). The Moore House Member has been eroded by
streams but likely is present throughout the battlefield
except where the Morgarts Beach Member is at land
surface along Ballard Creek and the York River.

The Sedley Formation unconformably overlies
the Moore House Member of the Yorktown Formation .
beneath the Lackey Plain (Brockman and others, 1997;1.Igh t
The Sedley Formation consists of sandy-clayey silt
with or without sand lenses deposited in tidal streams
and estuaries. The Bacons Castle Formation
unconformably overlies the Sedley Formation. It
consists of clayey silt and silty fine-grained sand. The
Sedley and Bacons Castle Formations have been
eroded in places and are absent beneath Yorktown
Battlefield (C. Richard Berquist, Virginia Division of
Mineral Resources, oral commun., 2000).

The remaining formations are terrace, alluvial,

Soil permeability affects the rate at which
é)recipitation infiltrates the soil and percolates
downward to recharge the shallow aquifer system. Low
soil permeability impedes infiltration, percolation, and
ground-water recharge and enhances surface runoff;
high soil permeability enhances infiltration,
percolation, and ground-water recharge. Recharge
likely is higher where the permeability of soils remains
o greater depths.

Soil composition varies across the battlefield,
generally depending on the physiography and
proximity to the York River (Hodges and others, 1981).
Soils in the uplands are largely of the Slagle Series, a
moderately well drained, fine sandy loam (table 1). In
the southeastern part of the battlefield, upland soils also
include silt loams of the Newflat and Peawick Series.
The Newflat Series is somewhat poorly drained; the
Peawick Series is moderately well drained. Along the
York River, upland soils include Bojac sandy loam and
EJchee loamy fine sand. Both series are well drained.

and marsh deposits; each is at land surface at d'ﬁerer\/alley slopes generally are of the Cravens-Uchee and

locations across the battlefield. Although the lateral Emporia complexes. The Cravens-Uchee complex is a
extent of each formation commonly is associated with & b P ’ P

particular terrace (Johnson, 1972), the associated moderatgly well drain_ed, fin_e sandy loam; the Emporia
formation is not necessarily present everywhere complex is a well-drained, fine sandy loam. The flood

beneath the respective terrace (C. Richard Berquist plains generally CO”“’?“” soils of the Johnston Series, a
Virginia Division of Mineral Resources, oral commun., very pg)?ég ?:c?rnﬁ]césélé.lgsgéries the permeability of
2000). In general, these formations consist of coarse- -XCep J » the p Y
grained sediments at their base and overlying fine- the soils in th(_—:‘.uplands decreaseslwnh depth (table 1).
grained sediment. The Windsor Formation is present The permeability of the Slagle Series, the primary

oo upland soil, decreases from a range of 2 to 6 (in/h (50
prlmarlly to thg west beneath the La_lckey and Grove to 150(mm/h) at depths of 0 to 9 in. (0 to 230 mm) to
Plains. It consists of sand, gravel, silt, and clay

deposited in estuarine or bay environments. The 0.06 10 0.6 in/h (1.5 to 15 mm/h) below a depth of 25
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Table 1. Major soils and selected soil characteristics near Yorktown Battlefield, Colonial National Historical Park at
Yorktown, Virginia (modified from Hodges and others, 1981)

[>, greater than; <, less than]

Soil Texture Extent Drainage class Dep'th interval Eermegbﬂlty (inches
name (inches) infiltrating per hour)
Bojac Sandy loam Uplands near the York Well drained 0-25 2.0-6.0
River 25-53 2.0-6.0
53-71 >6.0
Cravens Fine sandy loam Upland ridges and sideModerately well 0-9 0.6-2.0
slopes drained 9-30 0.06-0.2
Emporia Fine sandy loam Valley slopes Well drained 0-13 2.0-6.0
13-37 0.2-2.0
37-38 0.02-0.6
Johnston Silt loam Flood plains Very poorly drained 0-8 2.0-6.0
8-49 0.6-2.0
49-60 0.6-2.0
Newflat Silt loam Upland flats Somewhat poorly 0-8 0.6-2.0
drained 8-11 0.2-0.6
11-80 <0.06
Peawick Silt loam Upland flats Moderately well 0-7 0.6-2.0
drained 7-99 <0.06
Slagle Fine sand loam Upland flats Moderately well 0-9 2.0-6.0
drained 9-25 0.6-2.0
25-60 0.06-0.6
Uchee Loamy fine sand Upland ridges and side Well drained 0-24 6.0-20
slopes 24-36 0.6-2.0
36-56 0.2-0.6

in. (640 mm). The permeability of the upland soils is recharge the shallow aquifer system. Water that collects
least for the Newflat and Peawick Series; permeabilityin depressions can form seasonal wetlands. This water
of these soil series decreases from 0.6 to 2.0 in/h (15 teventually discharges through evapotranspiration,

50 mm/h) at the surface to less than 0.06 in/h (1.5 mnglowly discharges to streams, or recharges the shallow
h) more than 7 to 9 in. (180 to 230 mm) below land  aquifer system. Thus, precipitation is the source of

surface. most ground-water recharge to the shallow aquifer
system near Yorktown Battlefield. Ground-water
Hydrology recharge flows vertically and laterally through the

shallow aquifer system toward low areas and eventually
discharges to ditches, seeps, springs, streams, and

. . , etlands. Ground-water discharge provides part of the
interconnected and hydraulically connect the bamef'eldg[reamﬂow during stormflow periods and all of the

y The ground-water system beneath Yorktown

s o e, BaETedconssts o eriyered aquier ane
Surface runoff supplies a large part of the streamfIO\;v confining units that extend from near land surface to a
for periods during and following precipitation depth of ab_out 1,800 ft (550 m) (Meng and ngsh,
(stormflow periods) but eventually ceases to be a 1988). Aqu!fers contain sandy a_md shel_ly_ sedlments
source of water to streams (base-flow periods). Base through Whmh water flows rgadﬂy; confl_n Ing units

: ontain silty and clayey sediments that inhibit the flow

flow is sustained by ground-water discharge. Water tha f water. The thickness, composition, and hydraulic

infiltrates the soil either discharges to the atmosphere characteristics of the aquifers and confining units vary

through evappra_tlon and plant transpiration vertically and laterally. The aquifer system can be
(evapotranspiration) or percolates downward to

The shallow aquifer and surface-water systems
near Yorktown Battlefield are hydraulically
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divided into a deep and a shallow system. In general, ground-water quality include iron (Fe), manganese
the deep aquifer system is poorly connected to the  (Mn), and dissolved silica (SKp which also can occur
shallow aquifer system, surface-water bodies, or in high concentrations. Concentrations of the nutrients
wetlands; the shallow aquifer system generally is well nitrogen and phosphorus that are elevated above
connected to the surface-water bodies and wetlands. background levels contribute to increased growth of
Based on the degree of hydraulic connection betweenalgae in surface-water bodies and indicate potential
the aquifers and surface-water bodies and wetlands, thontamination from anthropogenic sources.

shallow aquifer system described in this report extends Major ions and nutrients are derived from a
from near land surface to the upper part of the combination of natural and anthropogenic sources.
Yorktown-Eastover aquifer. This delineation is based Precipitation that recharges the ground water

on the depth of the aquifers and the similar response @fontributes low concentrations of many dissolved
ground-water levels in this part of the system (White constituents. As the precipitation infiltrates the soil and

and Powell, 2000). flows through the aquifers and confining units, it reacts
Ground-water discharge can provide a major partyith the shell and rock material to increase
of the streamflow near Yorktown Battlefield. concentrations of dissolved constituents. The amount

Richardson (1994) determined that ground-water of major ions that dissolves in the ground water
discharge provides 47 to 79 percent of the annual flondepends on the minerals in the shell and rock material;
in streams in the Coastal Plain of Virginia. This dissolution typically increases as contact time between
discharge can be through seeps, springs, or direct  the water and the shell and rock material increases.
discharge to ditches, streambeds, and wetlands. Seepbhus, shallow, younger water typically contains lower
are areas of diffuse discharge and are common near th@ncentrations of major ions than deeper, older water.
battlefield, particularly in wetlands and where flow  Anthropogenic sources also can be direct sources of
originates in streams (fig. 6A). Springs are areas of major ions and can affect the natural reactions. Thus,
focused discharge and commonly are located near thdand use in recharge areas can appreciably affect
base of valley walls and in streambeds near the ground-water quality.
battlefield; multiple focused discharge points form Organic material and some types of rocks are
many of the springs (fig. 6B). Many of the springs common natural sources of nitrogen and phosphorus.
appear to occur where pathways of focused flow in theRocks have not been identified as major sources of
subsurface intersect land surface. Near land surface, these nutrients to shallow ground water near Yorktown
many of these pathways form holes in silt, clay, peat, Battlefield. Fertilizers and human and animal waste,
and shell. Although the origin of these pathways is notalong with atmospheric deposition of nutrients
certain, many appear to be holes left from decayed tregroduced by anthropogenic sources, are common
roots; some springs flow from the base of trees and  sources of nitrogen and phosphorus.
some springs having multiple discharges appear to be One of the primary sources of major ions in the
located where trees have fallen and left depressions irshallow aquifer system near Yorktown Battlefield is the
land surface. dissolution of shell material, which contains calcium
carbonate (CaCg)in the forms of the minerals
aragonite and calcite. The reaction for the dissolution

Processes Affecting Ground-Water Quality o shell material is

Major anions (negatively charged ions) and CaCQ - Ca'?+ COs?2
cations (positively charged ions) are the dominant . _ _ _ )
naturally occurring constituents in water and can be Dissolution continues until the ions become

used to differentiate sources of ground water and to Saturated with respect to the mineral that is dissolving.
identify ground-water flow paths. The anions include Dissolution of aragonite, which is more soluble than

bicarbonate (HC®), carbonate (C@). chloride (Cl), calcite, can res_ult in higher concentratior)s of calcil_Jm
(HC®) (CO) (©h and carbonate in the water than dissolution of calcite

2 . . . - ’
and sulfate (S@7). The cations include calcium (Drever, 1988). Because concentrations of calcium and
(Ca?), magnesium (M&), sodium (N4), and carbonate derived from the dissolution of aragonite can
potassium (K). Other constituents used to characterizeexceed calcite solubility (supersaturation), calcite can
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A)

(B)

Focused Discharges

Figure 6. Diffuse discharge of a seep (A) and the focused discharge of a spring (B) near
Yorktown Battlefield, Colonial National Historical Park at Yorktown, Virginia.
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precipitate in aquifers and streambeds. Calcium and (Krauskopf, 1979). Concentrations of silica above 6

carbonate, however, commonly remain supersaturatedng/L must, therefore, be derived from other sources.

with respect to calcite in many aquifers (Drever, 1988). Nitrogen can be present as several species in
When acid is present, hydrogen ion"{H ground-water systems (Mitsch and Gosselink, 1993).

combines with carbonate ion to form bicarbonate ion Dissolved organic nitrogen is present in organic

by the reaction material dissolved in water. When bacteria decompose

+ 2 . the organic material, the nitrogen is released, or
H+COs* -~ HCOs, mineralized, to form ammonia (N In water,
ammonia hydrolyzes to form ammonium hydroxide
(NH4OH) by the reaction

Because acid reduces the concentration of
carbonate ion in solution, the amount of aragonite or

calcite that can dissolve increases in the presence of NH3 + HoO — NH4OH.
acid. Common sources of acid include precipitation,
hydrolysis of carbon dioxide, certain land uses, and In the normal range of pH in ground water (5.5 to

geochemical reactions between water and rocks. Both8.5), ammonium hydroxide readily ionizes to form
of these reactions are reversible, include the carbonatammonium and hydroxyl ions (Nfland OH).

ion, and are controlled by reaction equilibrium Ammonium ion is readily immobilized by cation
constants; therefore, concentrations of hydrogen,  exchange onto silt and clay minerals; and ammonia
calcium, carbonate, and bicarbonate ions collectively concentrations typ|ca||y are low in ground water, parﬂy
control the dissolution and precipitation of aragonite pecause of the effects of cation exchange.

and calcite. o Where the dissolved-oxygen concentration in the
Iron and manganese concentrations in water  ground water is near 0 mg/L, ammonium typically
commonly are affected by oxidation-reduction remains as ammonium. Where dissolved oxygen is

reactions. When concentrations of dissolved oxygen sufficiently higher than 0 mg/L, ammonium oxidizes
are sufficiently greater than 0 mg/L in water, iron and (nitrifies) through a series of reactions mediated by

manganese occur primarily as oxidized species that  pacteria to form nitrite ion (N£), then to form nitrate
commonly have a low solubility and are in low

concentrations in water. When concentrations of
dissolved oxygen are near 0 mg/L, iron and manganese 2NHz" + 30, — 2NOy + 4H" + 2H,O + energy
more likely occur as reduced species. Reduced species

tend to have a high solubility and, therefore, can occund

in high concentrations. The solubility of iron and

ion (NOg’) by the reactions

manganese also increases as the pH of the water NOz" + % & —~ NOg™ + energy.
decreases (Hem, 1985). _ _ .
Minerals that primarily contain aluminum and Nitrate is extremely soluble, and, therefore, is

silica (aluminosilicates) are major constituents in many€@dily transported through ground water. Where
rocks. Diagenesis (chemical and physical weathering)dissolved oxygen becomes sufficiently depleted and
of these minerals generally produces other nitrate is present, the nitrate can be reduced
aluminosilicate minerals and can be a major source oftdenitrified) by the bacteria to form nitrogen gasXN
dissolved silica, aluminum, iron, manganese, and other ~ Dissolved phosphorus commonly occurs at low
cations in water. Because diagenesis tends to be S|O\,\,<,:oncentrations in ground water because it readily sorbs
concentrations of constituents derived from diagenesid0 soil and aquifer material. Phosphorus is present in
commonly are low in shallow ground water near organic material dissolved in ground water and is
recharge areas. released as the organic material decomposes.

Quartz, which is a common silicate mineral in PhOSphorUS then hydrOIyzes through a series of steps to
aquifers and confining units, is a common source of form orthophosphate (). Phosphorus
dissolved silica because it dissolves quickly. At the pHconcentrations commonly are reported as dissolved
of most natural waters (5.5 to 8.5), quartz dissolves phosphorus (includes all forms of dissolved
until dissolved silica concentrations reach the phosphorus) or orthophosphorus.
saturation concentration for quartz of about 6 mg/L
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Acknowledgments sufficient depth for use in the geohydrologic
framework; the other wells and boreholes that were

~ This report has greatly benefited from the used are outside of the battlefield (fig. 7).
assstr_:mce _of numerous |nd|V|d_uaIs. C. Richard The geohydrologic framework presented in this
Berquist (Virginia Division of Mineral Resources) report is based on the frameworks of Brockman and

improved the authors’ understanding of the geology  Richardson (1992) and Brockman and others (1997).
and how it affects the hydrology of the area through  Major modifications to these frameworks are discussed
insightful discussions, unpublished information, and ain this report. This report’s framework is presented in
technical review of parts of the report. Gerald H. (1) two geohydrologic sections, (2) a map of the
Johnson (College of William and Mary) also provided elevation of the top of the Yorktown confining unit, (3)
understanding of the geology of the area through & map of the elevation of the top of the Yorktown-
discussions, a field tour of outcrops in the area, and a Eastover aquifer, and (4) a conceptual diagram.

technical review of parts of the report. Allen R. Hydraulic information is from slug tests on wells and
Brockman (formerly of the U.S. Geological Survey)  permeameter tests on cores from the U.S. Naval
helped in the refinement of the framework of the Weapons Station Yorktown (Brockman and others,

shallow aquifer system through a discussion of the  1997).

background on his earlier analysis of the system. Scott The water quality of the shallow aquifer system
R. Emry of the Hampton Roads Planning District was determined by analyzing 14 water samples
Commission, Roy Irwin and Larry Martin of the NPS, collected from springs and seeps throughout Yorktown
and Jonathan J.A. Dillow and Michael J. Focazio of thegattlefield (fig. 7). Springs and seeps were sampled
USGS provided technical reviews that improved the pecause the goal of the study was to evaluate the
technical content and clarity of the report. Robert B.  “typical” quality of water from comparable sources
Banks prepared the final versions of illustrations in thedistributed across the battlefield, and few wells are
report. Theodore B. Samsel Il assisted in the open to appropriate depths at the battlefield. Existing
preparation of the base map and illustrations. Martha Lyells were installed in order to monitor local

Erwin improved the report readability by providing a  conditions near sinkhole ponds or possible

thorough editorial review. contamination from surrounding land use. Because the
number of samples collected in this study was small,

METHODS using samples from these wells would limit the ability
to evaluate typical water quality.

Aquifers and confining units that make up the Springs and seeps were selected from those (1)
shallow aquifer system were delineated to develop a Previously identified by Focazio (1997), (2) contained
geohydrologic framework by analyzing borehole in a NPS data base, and (3) identified in a field
geophysical logs (electric and gamma), drillers’ logs, 'econnaissance conducted as a part of this study.
and lithologic logs from USGS files and from Springs for which the apparent ground-water age was

boreholes drilled by the Virginia Division of Mineral ~ determined (Focazio, 1997) were included as much as

Resources (C. Richard Berquist, Virginia Division of Possible. As a part of the field reconnaissance, the
Mineral Resources, unpublished data, 1999). A specific conductance, pH, and temperature of spring
published geologic map (Johnson, 1972), a preliminaryvater were measured to compare the general water
revised geologic map (C. Richard Berquist, Virginia duality of the springs. Two springs that discharge from
Division of Mineral Resources, written commun., the Columbia aquifer were identified and sampled; the
2000), and observations of rock outcrops also were ~rémaining 12 springs that were sampled discharge from
used in the analysis. Borehole geophysical logs were the Cornwallis Cave aquifer and were selected to

the primary basis for the delineation of aquifers and represent the ground-water quality across the
confining units because they provide a more Consisterﬁattl_efield. Five of_ these spring_s are in _the James River
and objective representation of the geologic and Basin; seven are in the York River Basin.

hydrologic conditions than drillers’ logs and lithologic Water samples were collected from springs by
logs. Only one well (58F64) and one borehole (94342)Pumping water from the main flow with a peristaltic

on the battlefield have geohydrologic information to a Pump. Samples analyzed for dissolved constituents
were filtered through 0.4am pore-size capsule filters.
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58848 WELL AND IDENTIFICATION NUMBER—Geophysical log
available

94298 .

o) WELL OR BOREHOLE AND IDENTIFICATION NUMBER—Driller's log

available. No geophysical log available
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SPRING OR SEEP AND IDENTIFICATION NUMBER

Figure 7. Location of geohydrologic sections, selected wells and boreholes having geohydrologic data, and

selected springs having water-quality data near Yorktown Battlefield, Colonial National Historical Park at
Yorktown, Virginia.
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Samples analyzed for dissolved nutrients were stored isediment cores at the U.S. Naval Weapons Station

amber plastic bottles and chilled on ice. Samples
analyzed for dissolved cations were stored in acid-
rinsed plastic bottles and preserved with 1 milliliter of
concentrated nitric acid (Wilde and others, 1999).
Water temperature, pH, specific conductance,
alkalinity, and concentrations of dissolved oxygen of
spring water were determined in the field using
methods described by Wilde and Radtke (1998). For
the determination of water temperature, pH, specific

conductance, and concentrations of dissolved oxygen
the meter probe was placed in the center of flow from

Yorktown (Brockman and others, 1997).

Aquifers and Confining Units

The lithology, hydraulic characteristics, and
extent of saturated sediments determine how the
sediments function in the shallow aquifer system.
Sediments that form the upper part of the shallow
aquifer system are composed of different terrace

deposits at different locations; therefore, the

the spring. Where water discharged as seepage ratheFhar""CteriStiCS of the shallow aquifer system vary

than focused flow, the pump intake and probe were
placed at the first point where the depth of the water
was sufficient (2 to 3 in.) to collect water and submerg
the probe. The USGS National Water Quality
Laboratory (NWQL) in Arvada, Colo., analyzed
samples for concentrations of dissolved major ions,
aluminum, silica, and nutrients using methods
described by Fishman and Friedman (1989) and

spatially. Because most of the available geohydrologic
information is from wells and boreholes outside of the

attlefield, sufficient data are not available to redefine
the extent and characteristics of the geohydrologic
units beneath the battlefield. Consequently, the extent
and characteristics of these units is presented on the
basis of the extent and characteristics of the terrace
deposits.

Fishman (1993). In some instances, the NWQL reports

estimated concentrations for values less than the
minimum reporting limit (MRL). Estimated values are

York County shallow aquifer system (undivided)

Brockman and Richardson (1992) indicate that

identified in table 3 and are included in the discussionthe upper part of the shallow aquifer system near

but are not identified as estimated values. The spring
numbering system used in this report is the same
sequential system used by Focazio (1997).

GROUND-WATER HYDROLOGY

Aquifers and confining units provide the
physical framework through which water flows in the
shallow aquifer system. Brockman and Richardson
(1992) define the shallow aquifer system near
Yorktown Battlefield as (1) the York County shallow
aquifer system (undivided), (2) the Columbia aquifer,
(3) the Cornwallis Cave confining unit, (4) the
Cornwallis Cave aquifer, (5) the Yorktown confining
unit, (6) the Yorktown-Eastover aquifer, and (7) the
Eastover-Calvert confining unit. In this report, the

Yorktown Battlefield consists of the York County
shallow aquifer system (undivided). This unit was
delineated as a single unconfined aquifer that includes
sediments that commonly form the Columbia aquifer,
the Cornwallis Cave confining unit, and the Cornwallis
Cave aquifer. These units were grouped as a single
aquifer near Yorktown Battlefield because sediments
that commonly form the Columbia aquifer and
Cornwallis Cave confining unit were not saturated at
well 58F64 (fig. 8 and table 2) (Allen R. Brockman,
formerly of the U.S. Geological Survey, oral commun.,
2000). These sediments, however, can be locally
saturated and locally important hydrologic units.
Consequently, the York County shallow aquifer system
(undivided) is not delineated in this report; the
Columbia aquifer and Cornwallis Cave confining unit

shallow aquifer system includes those units that exten@re delineated on the basis of the composition of their

from land surface to the upper part of the Yorktown-
Eastover aquifer because these units have the best

sediments and the function of these sediments, if
saturated. Information is insufficient to determine

hydraulic connection with the surface-water bodies andvhere these sediments are saturated.

wetlands. The lithology of the aquifers and confining

units described in this report is based on Brockman angolumbia aquifer

Richardson (1992); the reported hydraulic
characteristics are from results of tests on wells and

25

The Columbia aquifer is the unconfined aquifer
in sandy sediments of Pleistocene to Holocene age
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Figure 8. Geohydrologic sections A-A’ and B-B’ near Yorktown Battlefield, Colonial National Historical Park at Yorktown, Virginia.
(Locations of sections, wells, and boreholes shown on figure 7).



Table 2. Record of control wells and geohydrologic data near Yorktown Battlefield, Colonial National Historical
Park at Yorktown, Virginia

[Latitude and longitude in degrees, minutes, and seconds; elevation in feet, elevation datum is sea level; —, data unavailable]

Cornwallis Cornwallis Yorktown Yorktown-

Well or Land Columbia Cave con- Cave confining Eastover

borehole Latitude  Longitude surfa.ce e?g\?;{?g’n fining gnit, aqui'fer, unit' aquifgr,

number elevation of top elevation elevation of elevation elevation

of top top of top of top

58F48 371349 76 32 57 80 64 52 24 0 24
58F57 371114 763121 20 — — - -19 —
58F61 37 1045 76 3107 55 49 39 15 -19 15
58F64 371250 76 30 05 55 45 33 -19 -35 -19
58F70 371431 763229 72 70 56 10 -6 11
58F79 3714 32 76 32 03 62 — 55 24 0 24
58F102 3714 40 76 3147 48 41 33 13 -14 11
58F107 371348 76 3335 80 57 50 22 5 22
58F123 3714 24 76 32 45 71 64 57 23 7 23
59F1 371535 76 37 35 50 44 22 -10 -38 -10
94297-1 371152 76 32 45 50 35 -- 23 -16 23
94298-1 371134 76 32 15 39 31 23 23 -14 17
94306 371057 76 30 27 55 - 46 12 - 12
94342 371321 76 31 06 65 50 44 3 — 3
96198 37 1408 76 30 22 7 — — -7 -17 -7

(Brockman and Richardson, 1992). The Columbia  incised the upland formations. Sediments that form the
aquifer consists primarily of sandy sediments of Columbia aquifer beneath the uplands crop out at the
Pleistocene age in the Windsor, Chuckatuck, Shirley, upper parts of valley walls or are covered by colluvium.
and Tabb Formations and unnamed sediments of Sediments that form the Columbia aquifer beneath the
Holocene age (fig. 5). Confined aquifers in these valleys also are present at much lower elevations (fig. 8
sediments are designated as part of the underlying and table 2). The lateral extent of the Columbia aquifer
Cornwallis Cave aquifer. Sediments of the Columbia beneath the valleys, however, is not known.

aquifer are recorded in drillers’ logs as fine-grained to Additionally, sediments of these formations are not
coarse-grained sand, clay, silt, and shell. Horizontal saturated throughout much of the uplands. Because the
hydraulic conductivity calculated from results of four permeable parts of the sediments are discontinuous and
slug tests at the Naval Weapons Station ranged from are not saturated in many areas, the Columbia aquifer is
0.4 to 8 feet per day (ft/d) (0.1 to 2.5m/d); vertical not a single continuous aquifer but is multiple

hydraulic conductivity calculated from results of discontinuous aquifers. Sediments that form the
permeameter tests on five cores collected at the NavaColumbia aquifer are likely saturated beneath the

Weapons Station ranged from 1.7;4 to 1.7x1¢? ft/d lowlands and beneath the center parts of the upland

(5.1x1C5 to 5.1x1¢2 m/d) (Brockman and others, terraces away from the streams.
1997).
Because the Columbia aquifer consists of Cornwallis Cave confining unit
sediments from different terrace deposits at different The Cornwallis Cave confining unit consists of

elevatior_ls, the permeable parts of these deposits do nsijlty and clayey sediments overlying the uppermost
form a single, laterally continuous, permeable zone  confined aquifer (Brockman and Richardson, 1992). It
throughout the battlefield (fig. 8 and table 2). This  contains sediments of the lower Pliocene Moore House
result is particularly evident where streams have Member of the Yorktown Formation, the Sedley
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Formation, and the Bacons Castle Formation; Yorktown Battlefield, low permeability sediments that
sediments of the Pleistocene Windsor, Chuckatuck, could form a confining unit are present at well 58F64.
Shirley, and Tabb Formations; and (or) unnamed Such sediments that could form the Cornwallis Cave
sediments of Holocene age (fig. 5). Sediments of the confining unit if the sediments were saturated are
Cornwallis Cave confining unit are recorded in drillers’ present at depths of 10 to 22 ft (3.0 to 6.5 m) (fig. 8,
logs as clay, silt, and fine-grained sand with or withoutSection B-B'). These sediments are described as sand,
shell. Vertical hydraulic conductivity calculated from gravel, and multi-colored clay. This interval shows
results of permeameter tests on five cores collected atelevated gamma radiation on the gamma log relative to

the Naval Weapons Station ranged from 3.1X19 adjacent parts of the log, which is typical of sediments
1.4x102 ft/d (9.4x108 to 4.3x10% m/d) (Brockman that form the Cornwallis Cave confining unit near the
and others, 1997). battlefield. Because this well is located on the Grafton

Plain, the confining unit likely contains sediments of
the Chuckatuck Formation.

Sediments that form the Cornwallis Cave
confining unit beneath the uplands have been eroded at
many of the stream valleys and can be exposed at the
upper parts of valley walls or covered by colluvium.
This confining unit is likely present beneath at least
parts of the stream valleys. Where the confining unit is
present beneath the Beaverdam Creek valley, it likely
§Ni|| contain sediments of the Shirley Formation and

(or) alluvial sediments (fig. 8, Section A-A'") (C.
Richard Berquist, Virginia Division of Mineral

The hydraulic characteristics of the Cornwallis
Cave confining unit vary laterally near Yorktown
Battlefield because the formations in the confining unit
and their permeability vary laterally. To the west of the
Naval Weapons Station, the Cornwallis Cave confining
unit contains sediments of the Sedley and Bacons
Castle Formations beneath the Lackey Plain
(Brockman and others, 1997). Vertical permeability of
the confining unit in this area varies by a factor of
about 500. The Sedley and Bacons Castle Formation
however, are absent beneath much of Yorktown
Battlefield (C. Richard Berquist, Virginia Division of X .
Mineral Resources, oral commun., 2000). Where the €Sources, written commun., 2000). As with the
Sedley and Bacons Castle Formations are absent, theC°lUmbia aquifer, sediments of the Cornwallis Cave
Cornwallis Cave confining unit can contain sediments CONfining unit are more likely to be saturated beneath
of the weathered upper part of the Moore House the lowlands and beneath the center parts of the upland
member of the Yorktown Formation but more likely ~ terraces away from the streams.
contains sediments of fine-grained parts of the
Windsor, Chuckatuck, Shirley, and Tabb Formations Cornwallis Cave aquifer
and (or) fine-grained sediments of Holocene age. The The Cornwallis Cave aquifer consists primarily
particular formation in the Cornwallis Cave confining of sediments in the Moore House Member of the
unit depends on the terrace that is present: the Winds&orktown Eormation but also contains adjacent

Formation beneath Grove Plain; the Chuckatuck permeable parts of the overlying Pliocene Sedley and

Formation beneath Grafton Plain; the Shirley Bacons Castle Formations; Pleistocene Windsor,

Formation beneath Huntington flat; the Tabb Chuckatuck, Shirley, and Tabb Formations; and (or)

Formation along the York and James Rivers; and unnamed sediments of Holocene age (fig. 5). The

Holocene deposits in the stream valleys. sediments of these units are recorded in drillers’ logs as
The Cornwallis Cave confining unit is not a shell, shell hash, coquina, silty (muddy) very fine-

single low-permeability unit throughout the battlefield. grained to coarse-grained sand, or biofragmented sand.
Because it consists of sediments from different terracerhe hydrau“c properties of the Cornwallis Cave
deposits that are at different elevations, the Cornwallisaquifer are highly variable because of depositional
Cave confining unit is a series of discontinuous effects and because of physical and geochemical
confining units that are not saturated throughout the weathering. Iron deposits are common near the top of
battlefield (fig. 8). Additionally, these sediments do notthe unit where shell material buffers the acidic water
appear to be of sufficiently low permeability to form a flowing downward from overlying sediments. Highly
confining unit in all areas. permeable travertine (calcite) deposits locally underlie
Although Brockman and Richardson (1992) did the iron at the mouth of numerous springs that feed the
not delineate the Cornwallis Cave confining unit near streams in the northern and northeastern parts of the
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battlefield. In other places, the dissolution of shell confining unit, stream valleys do not fully incise
material and subsequent precipitation of calcite has through the confining unit near the battlefield.
cemented the shelly aquifer sediment; cementation can
reduce the permeability of the sediments and the Yorktown-Eastover aquifer
amount of contact area between ground water and the
sediments. Horizontal hydraulic conductivity
calculated from results of six slug tests at the Naval
Weapons Station ranged from 0.3 to 9 ft/d (0.1 to 2.5 L , : :

are recorded in drillers’ logs as fine-grained to

m/d); vertical hydraulic conductivity calculated from edium-arained sand with small amounts of clav and
results of permeameter tests of 13 cores collected at tkﬁ%. 9 y

] 4 inor amounts of shell. Horizontal hydraulic
Naval Weapons Station ranged from 6.2x10 conductivity calculated from results of 15 slug tests at

2.4x10* ft/d (1.9x10% to 7.3x10°m/d) (Brockman and  the Naval Weapons Station ranged from 0.004 to 0.4 ft/
others, 1997). d (0.001 to 0.1 m/d); vertical hydraulic conductivity

The Cornwallis Cave aquifer extends inthe calculated from results of permeameter tests of 23
subsurface beneath most of Yorktown Battlefield and cores collected at the Naval Weapons Station ranged

crops out in the valleys (fig. 8 and table 2). Its thickness,q 1, 1 7x105 to 4.8x10 ft/d (5.2x10% to 1.5x10 m/
varies greatly near the battlefield because of the d) (Brockman and others, 1997).

presence of overlying terraces at different elevations The Yorktown-Eastover aquifer also underlies

and differences in the depth of incisement by the the entire Yorktown Battlefield (figs. 8 and 10). The top
stream valleys. The Cornwallis Cave aquifer is fully ¢ ha aquifer slopes to the east ranging from about sea

incised by Ballard Creek and the York River inthe oy at the western boundary of the battlefield to more
northwestern part of the battlefield but is present than 35 ft (11 m) below sea level at the eastern

beneath all uplands and all other stream valleys. At boundary. Because of the depth of the top of the
least the lower parts qf the Cornwallis Cave aquifer ar&/qrktown-Eastover aquifer, the aquifer is not exposed
saturated throughout its extent. at land surface near the battlefield.

The upper part of the Yorktown-Eastover aquifer
primarily contains sediments of the Rushmere Member
of the Yorktown Formation (fig. 5). These sediments

Yorktown confining unit

The Yorktown confining unit primarily contains Conceptualized Ground-Water Flow

silt and clay of the Morgarts Beach Member of the
Yorktown Formation (fig. 5). Sediments of the
Yorktown confining unit are recorded in drillers’ logs
as clay, clayey silt, sandy clay, or silty clay with or
without shell material. This unit is a distinctive dark
greenish-gray. Vertical hydraulic conductivity

The shallow geology as reflected by the
physiography near Yorktown Battlefield substantially
affects ground-water flow through the shallow aquifer
system. Because streams incise land surface and terrace
deposits are present at different elevations, sediments
that form the Columbia aquifer and Cornwallis Cave

calculatelfl frtor(r; rfiﬁltSNOf pleweametersietsfts of six q confining unit form discontinuous rather than laterally
cores coflected at the Naval vveapons station ranged . i ,ous geohydrologic units (figs. 8 and 11). The

from 1.3x10° to 7.4x10° ft/d (4.0x10°t0 2.3x10° M/ Cornwallis Cave aquifer is present throughout the area
d) (Brockman and others, 1997). _ ~ except at the northwest boundary of the battlefield

The Yorktown confining unit underlies the entire gjong Ballard Creek and the York River. Its thickness
Yorktown Battlefield (figs. 8 and 9, and table 2). The yaries because of differences in the depth of stream

top of the confining unit generally slopes to the east  jncisement, the elevation of the top of the Yorktown
from about 25 ft (8 m) above sea level near the westergonfining unit, and the elevation of the terraces.

boundary of the battlefield to probably more than 10 ft|ncisement into the Cornwallis Cave aquifer creates a
(3 m) below sea level at the eastern boundary (fig. 9). good hydraulic connection between the aquifer and the

The top of the confining unit is at land surface only at streams and wetlands. Because streams do not incise
the lower end of Ballard Creek and along the York through the Yorktown confining unit and into the

River at the northwest boundary of the battlefield.  vorktown-Eastover aquifer near the battlefield, the
Because of the depth and thickness of the Yorktown vorktown-Eastover aquifer is not as well connected to
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streams and wetlands as the Cornwallis Cave aquifer.there is no standing water and where land surface is
Thus, the Cornwallis Cave aquifer is the primary pervious and allows infiltration and percolation of
source of ground-water discharge to streams, wetlandgrecipitation. Ground water is also recharged beneath
and associated habitats near Yorktown Battlefield;  standing water where the hydraulic gradient between
considerably less water flows through and discharges the standing water and the ground water is downward.
from the Yorktown-Eastover aquifer to streams, Thus, ground water is recharged across most of the
wetlands, and associated habitats. Because of the depthttlefield except where buildings and pavement create
and continuity of the Yorktown confining unit, the impervious surfaces and at streams, springs, and other
Yorktown-Eastover aquifer is the most likely source of standing waters where the hydraulic gradient is
ground water originating outside the battlefield. upward. In most lowland wetlands, the hydraulic

The lateral extent of saturated sediments also gradient likely is upward during the growing season
affects ground-water flow. The Columbia aquifer and because ground water discharges through
Cornwallis Cave confining unit likely are saturated evapotranspiration. In such areas, however, the ground
beneath the valleys because of the low elevation of thevater can be recharged by precipitation when standing
valleys. Sediments that typically form the Columbia water is absent and the water table is below land
aquifer and Cornwallis Cave confining unit, however, surface because these conditions allow precipitation to
are not saturated beneath uplands of the entire infiltrate the soil and percolate to the water table. Rates
battlefield. In many areas where these sediments are of recharge vary because of spatial differences in
not saturated, the full thickness of sediments of the precipitation amounts and rates, infiltration rates,

Cornwallis Cave aquifer is not likely saturated; percolation rates, land slope, and depth to the water

consequently, the Cornwallis Cave aquifer is table.

unconfined in these areas. The shallow aquifer system is recharged by
The Columbia aquifer and Cornwallis Cave precipitation percolating to the water table of the

confining unit likely are saturated beneath the uplandsshallowest aquifer, either the Columbia or Cornwallis
away from the streams. Brockman and others (1997) Cave aquifer. Recharge is to the Columbia aquifer
reported that sediments that commonly form the where sediments in the Columbia aquifer are saturated.
Columbia aquifer and Cornwallis Cave confining unit Where sediments of the Columbia aquifer and
only are saturated beneath the uplands toward the  Cornwallis Cave confining unit are unsaturated, the
center of inter-stream areas beneath Lackey Plain at th@éornwallis Cave aquifer is unconfined and is recharged
Naval Weapons Station. Similar conditions likely are directly by percolating water (fig. 11). The Columbia
present near the battlefield. Springs and seeps are  aquifer can be perched (saturated sediments underlain
present at the base of valley walls but not at the contadly unsaturated sediments) where the permeability of
between low-permeability sediments and overlying the Cornwallis Cave confining unit is sufficiently low
high-permeability sediments at the upper parts of and the Cornwallis Cave aquifer is unconfined. In these
valley walls; this further demonstrates that sediments areas, the Cornwallis Cave aquifer is recharged by
that commonly form the Columbia aquifer and water that percolates from the Cornwallis Cave
Cornwallis Cave confining unit in the uplands are not confining unit. Such perched conditions have not been
saturated near stream valleys. Sediments that form thaentified and likely are temporary.
Columbia aquifer, the Cornwallis Cave confining unit, Ground water flows vertically and laterally from
and the Cornwallis Cave aquifer are unsaturated the water table through the shallow aquifer system
beneath parts of the uplands because water readily toward areas of ground-water discharge (fig. 11). Water
drains where (1) the Cornwallis Cave confining unit is recharged near discharge areas likely flows along
very leaky, (2) the permeability of the Cornwallis Cave shallow, short flow paths; water recharged away from
aquifer is high, and (3) these sediments are incised bydischarge areas likely flows along deep, long flow
streams. paths. Thus, water recharged near valleys flows along
Ground water is recharged at the water table by short flow paths and likely remains in the shallow
precipitation that falls near Yorktown Battlefield. aquifer system for short periods (possibly hours or
Recharge rates are likely the greatest during the late days); water recharged beneath the uplands away from
winter and early spring when rates of valleys flows along long flow paths and likely remains
evapotranspiration are low. Recharge occurs where in the shallow aquifer system for longer periods
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(possibly tens of years). Because of the extent of Discharge to ditches, seeps, springs, and streams
stream incisement into the Cornwallis Cave aquifer, typically is greatest after recharge periods when

water flowing through the aquifer does not likely flow ground-water levels are high; discharge rates decrease
past local streams. Water recharged near the center oas ground-water levels decline. Ground-water

the uplands, however, is the water most likely to flow discharge through evapotranspiration varies temporally

downward and recharge and flow through the in response to changes in the input of solar energy.
Yorktown-Eastover aquifer (fig. 11). Because streams Seasonally, evapotranspiration is least in the winter and
near Yorktown Battlefield do not incise into the greatest in the summer; during a 24-hour period,
Yorktown-Eastover aquifer, the amount of water evapotranspiration typically is greatest in the afternoon

flowing through this aquifer probably is limited and is and least at night.
more likely to flow past local streams to more regional
discharge areas than water flowing through the
Cornwallis Cave aquifer. Thus, the Yorktown-Eastover
aquifer is the most likely pathway for the flow of
ground water to the battlefield from outside of the
battlefield. The extent of flow through this aquifer past
local streams requires further investigation. Water
flowing through the Yorktown-Eastover aquifer that
discharges to local streams and springs must flow
upward through the overlying aquifers and confining

GROUND-WATER QUALITY

The ground-water quality near Yorktown
Battlefield differs between aquifers and varies spatially
within an aquifer. These differences in water quality
likely result from differences in (1) the quality of
recharge water, (2) the age of the ground water, (3) the
amount and type of shell material in aquifer sediments,
) I (4) the amount and type of silicate minerals in aquifer
units before it discharges. sediments, and (5) spatial differences in the hydrology

. Ground water discharges to ditches, seeps, .t ihe shallow aquifer system. Because of the small
springs, streams, and wetlands. Ditches are located ir

: number of samples from springs that were analyzed,
uplands and valleys. Seeps and springs generally are o magnitude and causes of differences in ground-
Iocat_ed near the base of valley Wal_ls, in flood plains, water quality are inferred in many instances.
and in streambeds near the battlefield. Wetlands are
primarily in stream valleys but are also present near
upland sinkholes. Discharge to ditches, seeps, spring<Columbia aquifer
and streams only occurs where the water table
intercepts land surface. Discharge to wetlands also Analyses of water from two springs indicate that
occurs where roots are of sufficient depth to withdraw water discharging from the Columbia aquifer has a low
water directly from the ground water or to cause waterionic strength, an acidic pH, and little buffering
to flow from the water table through unsaturated capacity (fig. 12). The quality of this spring water
sediments to the roots. reflects the effects of the quality of recharge water, the

The large number of springs and seeps and the young age of the water, the limited shell content of
large volume of water that discharges from many of aquifer sediments, and the abundant silicate minerals in
them make the springs and seeps important sources @quifer sediments.
discharge to surface waters near the battlefield. This Specific conductance (an indicator of ionic
discharge likely contains a mixture of water from strength) of water from spring SP16 wasuS/cm and
different parts of the shallow aquifer system that from spring SP39 was 1iuS/cm (table 3 and fig. 12).
converges at the spring. Thus, the quality of spring  Although the chloride concentration in water from
discharge probably better represents the average spring SP16 was 9.5 mg/L, chloride contributed 58
quality of water from nearby parts of the shallow percent of the anions; sodium concentration was 5.3
aquifer system than that of water from wells. Water mg/L and contributed 67 percent of the cations (table 3
discharged from springs at the base of valley walls  and fig. 13). Chloride concentration in water from
likely flows along shallower flow paths and is younger spring SP39 was 17 mg/L and contributed 50 percent of
than water that discharges directly to streambeds or tcthe anions. Although sodium concentration in water

springs in the streambeds. from this spring was 8.1 mg/L, sodium was only 41
Ground water discharges throughout the year percent of the cationic composition; no single ion was a
although rates of discharge vary through time. majority of the cations. Observed concentrations of
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sodium and chloride can, in part, result from the effectdissolved-oxygen concentrations do not represent
of road salt, salt spray from the York River and Jamesconcentrations in the ground water.
River estuaries and Chesapeake Bay, and other sources. Dissolved nitrogen concentrations generally
The higher chloride and sodium concentrations in were low in water discharging from the Columbia
water from spring SP39 also could result from the aquifer, indicating little effect from anthropogenic
effects of fertilizer application, septic-tank seepage, orsources (table 3 and fig. 14). Dissolved organic plus
other anthropogenic effects; this spring is adjacent to ammonia nitrogen concentrations were 0.30 and 0.10
residential area near the boundary of the battlefield. mg/L as nitrogen (N) from springs SP16 and SP39,
The short flow paths and young age of the waterrespectively. Dissolved ammonia concentrations were
and limited amount of shell material in sediments of only 0.003 and 0.012 mg/L as N, and dissolved nitrite
the Columbia aquifer is reflected in the low calcium concentrations were 0.001 and 0.005 mg/L as N,
and bicarbonate concentrations and the low pH of the respectively. Nitrite-plus-nitrate concentrations were
water (fig. 12). Calcium concentrations were 0.75 andless than 0.005 mg/L as N and 0.579 mg/L as N in
5.6 mg/L and bicarbonate concentrations were 0 and water from these two springs. The higher nitrite-plus-
mg/L in water from springs SP16 and SP39, nitrate concentration in water from spring SP39 is
respectively (table 3 and fig. 12). Because of the low accompanied by a slightly elevated chloride
bicarbonate concentrations, the water was poorly concentration (17 mg/L) and could result from the
buffered; the pH of water from these springs was 4.5 effects of fertilizer application, septic-tank seepage, or

and 5.1, respectively. other effects of the nearby residential land use.
Silica and aluminum concentrations indicate the Similar to dissolved nitrogen concentrations,
presence of silicate minerals in the sediments. dissolved orthophosphorus and dissolved phosphorus

Dissolved silica concentrations in water from these  concentrations in water from these springs were near
springs were near the silica saturation for quartz, 5.6 their respective MRLs, 0.001 and 0.005 mg/L as
and 5.9 mg/L, respectively (table 3 and fig. 12). Water phosphorus (P). Orthophosphorus concentrations were
from the Columbia aquifer was the only sampled watei0.002 and less than 0.001 mg/L as P and the dissolved
having aluminum concentrations above theug/L phosphorus concentrations were 0.011 and 0.003 mg/L
MRL. Concentrations were 410 and Jug/L in water  as P in water from springs SP16 and SP39, respectively
from springs SP16 and SP39, respectively. Although (fig. 14).
factors affecting aluminum solubility are complex,
these concentrations likely resulted in part from the low ) )
pH of the water, which enhances silicate reactions ancCornwallis Cave aquifer
the solubility of aluminum (Drever, 1988). i _

Although concentrations of dissolved oxygen in Compared to water discharging from the
water from these springs were 4.4 and 2.5 mg/L (tableCOlumbia aquifer, water discharging from the
3), ifon concentrations were relatively elevated at 770 COmwallis Cave aquifer has high concentrations of
and 32Cug/L (fig. 12). Such iron concentrations calcium and bicarbonate, a neutral to alkaline pH, and a

usually are not observed in water having such high ?rgi buf_ferirf1g caphacity. The I?_uality of wat?r f
concentrations of dissolved oxygen. These high Ischarging from the Cornwallis Cave aquifer reflects

concentrations could result from a combination of (1) e ef;eﬁts of (1) the quali_tyl 31_‘ﬁrecharge_wa:ler, (2) the
the presence of oxidized iron in colloidal forms, (2) the@9€ ©f the water, (3) spatial differences in the

low pH of the water, and (3) the presence of dissolvednYdrology of the aquifer, (4) the presence of abundant
iron in reduced form. The presence of iron deposits inShell material in aquifer sediment, and (5) the presence

the top of the shell-rich Cornwallis Cave aquifer of silicate minerals in aquifer sediment. Spatial

indicates the effects of increasing pH on iron dissolvecdifférences in water quality likely result from spatial

in water percolating from the overlying sediments tha,[differences in thesg factors, particulg_rly diffe.rences in
commonly form the Columbia aquifer. Because both the hydrology and_ln the s_heII and silicate _mlneral
samples from springs discharging from the Columbia content of the aqU|fer_sed|ments. These dlﬁerences
aquifer were formed by seepage discharge, it is also 2PPear to be related, in part, to whether the springs are

possible that the water became aerated and that the I the York River Basin or the James River Basin. The
hydrology of these areas likely differs because valleys
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Figure 12. Specific conductance, pH, and concentrations of calcium, bicarbonate, silica, and iron in water from selected
springs discharging from the Columbia aquifer and Cornwallis Cave aquifer near Yorktown Battlefield, Colonial National
Historical Park at Yorktown, Virginia, April 2000.
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Historical Park at Yorktown, Virginia, April 2000. See figure 4 for locations of springs.
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Table 3. Water-quality data from selected seeps and springs in April 2000 near Yorktown Battlefield, Colonial National Historical Park at Yorktown, Virginia

[mS/cm, microsiemens per centimeter at 25 degrees Celsius; mg/L, milligrams per liteg, €CalciOm carbonate; —, no data]

Spring Local Station identifica- . Specific Dissolved bH, Cz'irbonate, Bigarbonate, Qills(:glnviéﬁ thoride,
number  number tion number Date Time conductance, oxygen, units dissolved dissolved (mg/L as dissolved
(mS/cm) (mgl/L) (mgiL) (mgl/L) CaCO3) (mg/L)
Springs Discharging from the Columbia Aquifer
SP16 58FS 29 371344076323801  4/11/00 1630 56 4.4 45 9.5
SP39 58FS 50 371208076301501  4/11/00 1045 130 2.5 5.1 0 17
Springs Discharging from the Cornwallis Cave Aquifer to the James River Basin
SP12 58FS 14 371211076315301  4/11/00 1430 315 25 7.2 0 246 202 6.3
SP11 58FS 25 371213076320401  4/11/00 1410 434 2.5 7.3 0 267 219 5.8
SP37 58FS 27 371223076311501  4/11/00 1300 467 .8 7.0 0 277 227 9.1
SP38 58FS 28 371242076312101  4/11/00 1545 243 6.8 7.2 0 133 109 4.8
SP30 58FS 43 371321076312601  4/11/00 1700 372 3.5 7.2 0 209 171 7.3
Springs Discharging from the Cornwallis Cave Aquifer to the York River Basin
SP 2 58FS 17 371330076305501  4/11/00 1900 577 5.0 7.2 0 324 266 21
SP13 58FS 26 371305076300801  4/12/00 845 536 2.4 7.3 0 340 279 8.7
SP24 58FS 37 371403076313401  4/12/00 1215 458 7.6 7.4 0 274 225 15
SP25 58FS 38 371402076313901  4/12/00 1245 495 7.8 7.8 0 302 248 14
SP27 58FS 40 371355076311001  4/12/00 1045 451 7.6 7.3 0 296 243 11
SP40 58FS 51 371331076303801  4/11/00 1830 456 4.7 7.4 0 271 222 10
SP15 59FS 2 371315076293601  4/12/00 930 717 3.7 7.4 0 410 336 37

2 Reported value was measured in the laboratory rather than in the field.
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Table 3. Water-quality data from selected seeps and springs in April 2000 near Yorktown Battlefield, Colonial National Historical Park at Yorktown,

Virginia—Continued

[mg/L, milligrams per liter; N, nitrogen; P, phosphorus; --, no data; <, less than: E, estimated value less than the npoitingriineit]

Spring _Sulfate, Eluoride, B_romide, Qalcium, '\1?3::3 Spdium, Pqtassium, 'Silica, . Iron, Mgnganese, AI.uminum,
number Date dissolved dissolved dissolved dissolved dissolved dissolved  dissolved dissolved dissolved dissolved dissolved
(mg/L) (mg/L) (mg/L) (mglL) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mglL) (mg/L)

Springs Discharging from the Columbia Aquifer
SP16 4/11/00 2.8 <0.10 <0.010 0.75 0.72 5.3 0.71 5.6 770 5.0 410
SP39 4/11/00 14 <.10 .061 5.6 2.3 8.1 1.6 5.9 320 85 140
Springs Discharging from the Cornwallis Cave Aquifer to the James River Basin
SP12 4/11/00 4.0 <.10 .039 74 1.2 4.5 .63 9.1 <10 <2.2 <15
SP11 4/11/00 5.1 <.10 .040 81 13 4.6 71 9.8 E6.8 <2.2 E12
SP37 4/11/00 13 <.10 .038 88 1.4 5.9 42 9.3 E7.4 <2.2 <15
SP38 4/11/00 4.7 .10 .028 45 .94 2.4 a7 8.4 E5.1 <2.2 E12
SP30 4/11/00 6.0 <.10 .047 66 1.6 5.4 1.1 9.9 E9.1 <2.2 E13
Springs Discharging from the Cornwallis Cave Aquifer to the York River Basin
SP 2 4/11/00 5.6 <.10 .10 100 2.1 10 1.3 13 65 21 <15
SP13 4/12/00 12 <.10 .051 100 2.6 5.8 1.2 11 18 E2.0 <15
SP24 4/12/00 7.7 <.10 .057 85 1.6 10 .85 14 15 35 <15
SP25 4/12/00 8.9 <.10 .060 95 2.0 8.8 .98 13 <10 <2.2 <15
SP27 4/12/00 2.7 <.10 .055 91 1.7 6.2 1.6 12 E8.5 8.9 <15
SP40 4/11/00 8.8 <.10 .044 83 2.4 6.7 1.3 10 87 22 <15
SP15 4/12/00 8.9 <.10 .061 130 29 16 1.7 13 680 207 E10
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Table 3. Water-quality data from selected seeps and springs in April 2000 near Yorktown Battlefield, Colonial National Historical Park at

Yorktown, Virginia—Continued

[mg/L, milligrams per liter; N, nitrogen; P, phosphorus; —, no data; <, less than: E, estimated value less than the mioitmgnimag

Spring SOI;?S:L’S:;SSU(& SC%ILdSS“’th:m;f or’g\;gr:(i)gz?us Nitroggn Nitroger_l nitrite Nit_rogen Ph_osphorus Phosphorus
number Date dissolved, dissolved, ammonia, (;m?onla, plus nitrate, nitrite, dissolved, ortho,dissolved,
(mg/L) (mg/L) (mg/L as N) g/L as N) (mg/L as N) (mg/L as N) (mg/L as P) (mg/L as P)

Springs Discharging from the Columbia Aquifer
SP16 4/11/00 53 - 0.30 0.003 <0.005 0.001 0.011 0.002
SP39 4/11/00 69 60 E.10 .012 .579 .005 E.003 <.001
Springs Dischar ging from the Cornwallis Cave Aquifer to the James River Basin
SP12 4/11/00 224 221 <.10 .012 .033 <.001 .046 .044
SP11 4/11/00 253 240 <.10 .015 .040 <.001 .052 .048
SP37 4/11/00 273 263 <.10 .016 .055 <.001 .032 .030
SP38 4/11/00 147 139 E.10 .002 1.27 <.001 .052 .050
SP30 4/11/00 213 201 <.10 .006 .286 <.001 .029 .027
Springs Discharging from the Cornwallis Cave Aquifer to the York River Basin
SP 2 4/11/00 330 317 E.10 .031 .697 .001 .040 .036
SP13 4/12/00 332 313 <.10 .024 224 <.001 E.005 .004
SP24 4/12/00 276 270 <.10 .017 .051 <.001 .021 .018
SP25 4/12/00 309 291 <.10 .021 .051 <.001 .040 .040
SP27 4/12/00 286 271 <.10 .016 .026 <.001 .064 .060
SP40 4/11/00 265 258 E.10 .036 430 .001 .010 .008
SP15 4/12/00 447 414 .16 .095 .009 .001 .006 <.001
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Figure 14. Concentrations of nutrients in water from selected springs discharging from the Columbia aquifer and
Cornwallis Cave aquifer near Yorktown Battlefield, Colonial National Historical Park at Yorktown, Virginia,
April 2000.
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in the York River Basin are shorter, are more deeply differences could result from various factors. The
incised, and have steeper walls than valleys inthe = amount of aragonite shell material could be greater
James River Basin and because the upland terraces near the York River Basin than near the James River
between the streams are narrower in the York River Basin, providing more material for dissolution. Spatial
Basin. These differences likely result in shorter flow differences in the amount of aragonite could result
paths and more rapid ground-water flow in the York from spatial differences in the deposition or weathering

River Basin than in the James River Basin. of the aragonite material. Another possible cause for
Spatial differences in the shell and silicate differences in bicarbonate and calcium concentrations

mineral content of aquifer sediments can result from is that water flows more rapidly through the aquifer in

spatial differences in the deposition and (or) the York River Basin than in the James River Basin

subsequent weathering of these materials. Although because of the greater stream incisement and narrower
spatial differences in the lithology and shell content ofuplands in the York River Basin. Although rapid flow
the Cornwallis Cave aquifer have been observed in  and young water typically are associated with relatively
outcrop and core samples, the spatial distribution of low concentrations of dissolved constituents, rapid
these differences has not been delineated. Because thiow can limit the precipitation of calcite, resulting in
effects of spatial differences in the hydrology and the higher concentrations of calcium and bicarbonate, as
silicate mineral and shell content appear to be related tmdicated by Drever (1988). Travertine (calcite)

the basin to which the spring drains, much of the deposits are more common in the beds of streams
following discussion identifies differences in water draining to the York River Basin than in streams
guality between these basins. draining to the James River Basin; the more turbulent

Water discharging from the Cornwallis Cave flow in the streams than in the aquifer can facilitate
aquifer had a higher ionic strength and a different ionigorecipitation of calcite in the streams.
composition than water discharging from the Columbia Concentrations of dissolved silica also differed
aquifer (figs. 12 and 13), probably because of the with the basin to which the springs discharge.
greater abundance of shell material and the greater aggoncentrations of dissolved silica were higher in water
of water in the Cornwallis Cave aquifer. Specific discharging to the York River Basin (10 to 14 mg/L)
conductance of water discharging from the Cornwallisthan to the James River Basin (8.4 to 9.9 mg/L)
Cave aquifer ranged from 243 to 713/cm (fig. 12). (fig. 12). A possible reason for this difference is that
The specific conductance of water discharging to the greater amounts of calcite precipitate and coat silicate
York River Basin generally was higher than that of  mineral surfaces in the shallow aquifer system
water discharging to the James River Basin (fig. 12). underlying the James River Basin where the water
The ionic composition of water discharging from flows slowly, thereby reducing the amount of surface
the Cornwallis Cave aquifer was relatively consistent area for reactions between the minerals and water.
across the battlefield. Bicarbonate ion was the major Water discharging from the Cornwallis Cave
anion, contributing 88 to 97 percent of the anions; aquifer is well buffered because of the high
calcium was the major cation, contributing 87 to 93  concentrations of bicarbonate ion. Consequently, the
percent of the cations (fig. 13). The high concentrationpH of water discharging from the Cornwallis Cave
of bicarbonate and calcium resulted from the aquifer was higher than that of water discharging from
dissolution of shell material contained in the aquifer. the Columbia aquifer, ranging from 7.0 to 7.8 (table 3
Although bicarbonate was consistently the dominant and fig. 12). Similar to concentrations of bicarbonate,

anion in spring water, concentrations varied calcium, and silica, pH generally was higher in water

substantially, ranging from 133 to 410 mg/L (figs. 12 from springs discharging to the York River Basin than

and 13). Calcium concentrations also varied to the James River Basin. This result is consistent with

substantially, ranging from 45 to 130 mg/L. the higher alkalinity in the York River Basin than in the
Like specific conductance, concentrations of James River Basin.

bicarbonate and calcium ions differed with the basin to Concentrations of dissolved oxygen were highly

which the springs discharged. Concentrations of both variable, ranging from 0.8 to 7.8 mg/L. (table 3). Such
bicarbonate and calcium generally were greaterin ~ concentrations generally are sufficient for the oxidation
water discharging to the York River Basin than in waterof iron and manganese and for the nitrification of
discharging to the James River Basin (fig. 12). These ammonia to nitrate. Measured concentrations, however,
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do not necessarily represent concentrations inthe ~ known in areas around springs having elevated nitrate
ground water. Where water is derived from diffuse  concentrations.

seepage, concentrations can increase when the water(jSigure 15 near here.)

aerated as it collects in shallow sinuous channels.

Where these channels contain abundant organic Dissolved phosphorus concentrations also were
material, concentrations of dissolved oxygen can low and consisted primarily of dissolved

decrease as the water flows through decomposing  orthophosphorus (table 3 and fig. 14). Concentrations
organic material. Where flow is through a focused of dissolved phosphorus ranged from 0.005 to 0.064
spring discharge, the water can flow through cavities mg/L as P; concentrations of orthophosphorus ranged
beneath land surface and become aerated before the from less than 0.001 mg/L as P to 0.060 mg/L as P. The

water discharges. part of dissolved phosphorus not consisting of

Similar to concentrations of bicarbonate, orthophosphorus (the difference between dissolved
calcium, and silica, concentrations of iron and phosphorus and orthophosphorus) was 0.006 mg/L as P
manganese differed between springs discharging to ther less in all samples. Concentrations of dissolved
York River Basin and the James River Basin. phosphorus and orthophosphorus were somewhat
Concentrations of iron and manganese in water higher in the James River Basin than in the York River

discharging to the James River Basin were all less thaBasin.
the respective MRLs (10 and 2u8/L) (table 3 and fig.
12). Concentrations of iron and manganese in water
discharging to the York River Basin were variable,

ranging from less than the MRLs to 680 and RQ7L., Streams, wetlands, and associated habitats near

respectively. . . Yorktown Battlefield are nursery grounds for juvenile
Concen_tratlons of algmlnum_ were less than the fish, nesting areas for birds, and habitats for rare,
15ug/L MRL in all W"?‘ter d|sch<_':1rg|ng from the . threatened, and endangered species. Colonial National
Cornwallis Cave aquifer. Aluminum concentrations 0ot Park has the second-largest number of
likely were IOV.V be_:cause solubility of aluminum is low threatened and endangered species among National
when the pH is h_|gher than 7.'0 (Dre"ef’ 1988). . Park System units in Virginia (Virginia Department of
Co_ngentratlon_s of all d'SSOIVe.d ”'”Ogef‘ SPECIES conservation and Recreation, 1993). Because Colonial
except nitrite plus nitrate were relatively low n all National Historical Park is located in one of Virginia's
spring water (table 3 and fig. 14). Concentrations of most rapidly expanding population centers, the

dISSO||V ed or:gancl)clpé)lus e;anmolr\lllagltrogen ggneral}!y Hampton Roads metropolitan area, the preservation of
were less than 0.10 mg/l. as N. Concentrations o critical aquatic habitat is of growing concern.

dissolved ammonia were less than 0.1 mg/L as N and Ground-water discharge is an important source

were_slightly higher @n springs in_ the York River Bagin of water to the streams, wetlands, and aquatic habitats
than_ n the James River Basin (fig. 14). Concentratlon%ear Yorktown Battlefield. Discharge pathways include
of nitrite were near the _MRL of 0.001 mg/L as N. (1) seeps and springs, (2) ditch bottoms and

Dissolved nitrite-plus-nitrate concentrations were the streambeds, and (3) evapotranspiration from saturated
h'gh?St ?nd rrcl)o(')sés\a/arlalblziof tr}ﬁ nltrﬁgenbfpgmez, . and unsaturated sediments. Ground-water discharge is
ranging from v.t to 1. /mg/L-as (ta '€ 5 and Igsprimarily from the Cornwallis Cave aquifer; small

14 and 15). Nitrite-plus-nitrate concentrations varied amounts of water also discharge from the Columbia
spa_ltially but d.id not appear to relatg to the basin to and Yorktown-Eastover aquifer. Consequently, the
which the springs drain. Concentrations in water from quantity and quality of water discharging from the

Eyehsprltr:gs gezagothe C/imerl\?f thhe battlefield WEre€ ~ Cornwallis Cave aquifer can substantially affect the
igher than 0. mg/L as N, whereas ConCF“mr""t'onsstreams and wetlands near Yorktown Battlefield.

Ik? wa:jer _from the Se(\)/éag sprlllrjgs tli)lwarld theTO#ter:_ h Habitats in upland areas such as sinkhole wetlands can
oundaries were 0. myiL. as N orless. The NIgNer o otected by water discharging from the Columbia

nitrate concentrations near the center of the battlef'eldaquifer.

could result from natural sources, historical activities at Because stream incisement into the Cornwallis

the battlefield, or present—day anthropogenlc_: SOUrCes. ~,ye aquifer limits the distance that ground water
No present-day anthropogenic sources of nitrogen are

DISCUSSION
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flows, most water discharging near Yorktown
Battlefield probably was recharged through adjacent

Concentrations of dissolved constituents are
different in water from springs discharging to the York

uplands, which are generally within the outer boundaryRiver Basin compared to the James River Basin. These
of the battlefield and in nearby areas surrounding the differences can result from the effects of (1) stream

battlefield. Thus, the quality of ground water that

incisement, (2) the length of ground-water flow paths,

discharges to the battlefield is most affected by land us€) the shell content of aquifer sediments, (4) ground-

and cover (1) within the battlefield, (2) in those areas

water age, and (5) the mixing of water of different ages

interspersed inside the outer boundary of the battlefieldind chemistry. The relative importance of these factors,
that are not battlefield property, and (3) in nearby areabowever, is not known. Older water can result in

surrounding the battlefield. Because Ballard Creek
fully incises the Cornwallis Cave aquifer at the lower

dissolution of more shell (increasing concentrations of
calcium and bicarbonate) on the one hand and the

part of the creek and through a large part of the aquifeprecipitation of more calcite (decreasing
in the upper part of the creek, ground-water flow underconcentrations of calcium and bicarbonate) on the

Ballard Creek to other streams and wetlands is likely
limited. The greatest potential for flow under Ballard

other. Because calcium and bicarbonate concentrations
are higher in water discharging from the Cornwallis

Creek and other streams throughout the battlefield is Cave aquifer in the York River Basin, it is likely that
through the Yorktown-Eastover aquifer. Because wategither more shell material is available for dissolution or
that flows through the Yorktown-Eastover aquifer mustless calcite precipitates from solution in the aquifer

flow downward and back up through the Yorktown
confining unit before discharging to the surface,
probably only small amounts discharge from this
aquifer to most streams near the battlefield. Thus,
stream incisement and the low permeability of the
Yorktown confining unit probably limit the potential
for contamination of ground water from sources
outside of the outer battlefield boundary.

The quality of water discharging from the

beneath the York River Basin than beneath the James
River Basin.

The analysis of the shallow aquifer system near
Yorktown Battlefield contained in this report is based
primarily on surface information (soils, outcrops,
topography, and springs) at the battlefield and on
subsurface information from wells and boreholes
surrounding the battlefield. The resulting
conceptualized framework and flow provide only a

Cornwallis Cave aquifer is substantially affected by thebasic understanding of the shallow aquifer system and

dissolution of shell material, which contributes high

how it affects the quality and quantity of water in

concentrations of bicarbonate and calcium ions to the streams, wetlands, and associated habitats near the

water. The bicarbonate buffers the water from the

battlefield. Because of the complex geology and the

effects of acid from atmospheric deposition and other lack of appropriate wells and other subsurface
sources. Water discharging from the Columbia aquiferjnformation at the battlefield, additional research is

however, is poorly buffered. The pH of water
discharging from springs from the Cornwallis Cave

needed on the factors affecting the flow and quality of
water in the shallow aquifer system and on the effects

aquifer ranged from 7.0 to 7.8 in contrast to the 4.5 anaf the shallow ground water on these surficial systems
5.1 of water from the two springs discharging from theat the battlefield. Results of this research will help in

Columbia aquifer. Thus, wetland habitats that are

protecting and managing the streams, wetlands, and

hydraulically connected to the Columbia aquifer mightassociated habitats at Yorktown Battlefield.

be more susceptible to acidification than those

hydraulically connected to the Cornwallis Cave aquifer.

This buffering also appears to limit concentrations o
aluminum in ground-water discharge; aluminum
concentrations were less than theug®. MRL in
water discharging from the Cornwallis Cave aquifer,
whereas concentrations were as high aspgfD in
water from springs discharging from the Columbia
aquifer. Concentrations of aluminum in ground-water

¢ FUTURE MONITORING AND RESEARCH

Because ground-water and surface-water
systems connect Yorktown Battlefield with
surrounding areas, future monitoring and research at
the battlefield could include the surrounding areas.
Monitoring and research of the effects of the shallow
aquifer system on the quantity and quality of water

discharge are important because aluminum can be toxl?ischarged to streams. wetlands. and associated

to certain biota.

45



habitats near Yorktown Battlefield would include (1) » Measure streamflow and spring discharge through-
monitoring the quantity and quality of water from out the battlefield during selected high and low
different parts of the hydrologic system, (2) continued base-flow periods.

development of the geohydrologic framework, and (3) ¢ Periodically collect and analyze water samples

evaluations of the connection between the shallow from piezometers, springs, streambed seepage col-
aquifer system and the streams, wetlands, and lectors, and mini-piezometers located in sections
associated habitats. Monitoring and research should be across streambeds. Collect and analyze stream-
conducted concurrently. water samples at continuous streamflow-gaging

stations and at other sites in conjunction with mea-
o suring discharge.

Monitoring  Collect and analyze water samples from springs at
intervals of less than an hour to days, depending on
flow variability, to determine if the quality changes
as flow increases then decreases as a result of
recharge and discharge.

» Analyze water samples from precipitation, wells,

springs, and streams for properties to establish nat-

urally occurring background levels and hydrologic
and geochemical processes. Such properties
include field-measured properties and concentra-
tions of major ions, heavy metals, silica, nutrients,
organic carbon, the stable isotopes of oxygen and
hydrogen, and nitrogen isotopes. Determine the
age of selected ground-water samples.

» Analyze selected samples for properties possibly
affected by anthropogenic factors such as concen-
trations of volatile organic compounds, heavy met-
als, and other organic compounds of concern.

Monitoring the quantity and quality of water in
different parts of the hydrologic system provides
essential information for refining the framework and
for evaluating the flow of water and transport of
contaminants through the shallow aquifer system to
streams, wetlands, and associated habitats. A well-
designed monitoring program can collect the essential
data at minimal cost, and results can help to refine
long-term environmental monitoring programs.
Monitoring design will include selection of monitoring
sites, properties to be measured, and the frequency and
timing of measurements. As an example, monthly or
guarterly monitoring of ground-water quality is often
considered essential to determine seasonal patterns in
ground-water quality and the cause-and-effect
relations. Such a monitoring frequency can be of
limited value in parts of the system where the age of the
ground water is more than 10 years. Frequent
monitoring of young water, however, can be essential Geohydrologic Framework
for identifying short-term changes in water quality. For
surface-water systems, knowledge of the temporal The geohydrologic framework of the shallow
distribution of surface runoff and ground-water aquifer system near Yorktown Battlefield needs
discharge can be used to determine the timing of continued development. The framework provides the
sample collection that targets a particular problem of conceptualization of the physical constraints that
concern. The following components would be part of control ground-water flow, contaminant transport, and
the monitoring program: discharge of water and contaminants. A more detailed

 Inventory and record key information on additional framework is necessary to evaluate many of the
springs and seeps near the battlefield (springs anchydrologic issues of concern at the battlefield.

seeps in addition to those identified by Focazio Information on the framework within the
(1997) during dry conditions are present during  boundaries of Yorktown Battlefield is extremely
wet conditions). limited. The formations that make up the Columbia

» Measure the amount of precipitation and collect aquifer and the Cornwallis Cave confining unit at
other meteorological information from at least one specific locations are uncertain because of the presence
site near the battlefield. Collect and analyze the of different terrace deposits near land surface.

quality of precipitation samples. Knowledge of the spatial variability in the thickness
» Measure water levels continuously in selected and hydraulic characteristics of these units is also
piezometers and periodically in others. important. Knowing the location of saturated and

* Measure streamflow continuously at selected sitesunsaturated sediments in these formations is also
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essential in evaluating ground-water flow, contaminantConnection between the Shallow Aquifer

transport, and the interaction between the shallow
aquifer system and the streams, wetlands, and

associated habitats.

require an extensive effort with particular emphasis
around areas of the greatest likely variability in the

Further development of the framework will

System and Streams, Wetlands, and
Associated Habitats.

Evaluation of the connection between the

shallow aquifer system and the streams, wetlands, and
associated habitats will provide knowledge of the

shallow aquifer system such as near scarps and streanause-and-effect relations that affect the quantity and

valleys.The following components are essential for
further development of the framework:

guality of ground water that discharges to these areas.
This knowledge is essential in protecting and

Obtain new geologic data from other sources and maintaining critical aquatic habitats. The following

evaluate rock outcrops near the battlefield.
Install piezometers in clusters with piezometers .
installed at the top, bottom, and midpoints of each
aquifer as appropriate. Install individual piezome-
ters at the water table at selected locations. Piezom-
eters should be located in upland recharge areas
and in areas near springs, wetlands, stream banks,
and streambeds.

Obtain sediment cores from boreholes at the sites
of piezometer installations and other locations.
Obtain new borehole geophysical logs of existing
and newly installed wells and piezometers and of
boreholes of sufficient depth for which geophysical
logs are not available or for which existing logs are
inadequate.

Describe the lithology of sediment cores.

Determine the vertical hydraulic conductivity of
selected sediment cores.

Determine the horizontal hydraulic conductivity

and specific yield of the aquifer sediments.

Conduct a detailed mineral analysis of selected
aquifer and confining unit sediments.

Conduct surface geophysical surveys of areas hav-
ing local geohydrologic anomalies or for which
greater local detail is desired. These local areas
would include scarps, other areas of likely changes ¢
in geology, and areas around springs.

Construct geohydrologic sections and maps that
depict the lateral extent, elevation, and thickness of
the aquifers and confining units.

Coordinate efforts with C. Richard Berquist of the
Virginia Division of Mineral Resources, Gerald H.
Johnson of the College of William and Mary, and
Scott Emry of the Hampton Roads Planning Dis-
trict Commission.
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identifies selected possible research and its benefits.

Rates of ground-water discharge to wetlands: The
relative importance of ground-water discharge to
wetlands changes seasonally and annually. When
precipitation and surface runoff are plentiful, the
importance of ground-water discharge is limited,;
during dry periods, ground-water discharge is the
only source of water to certain habitats. Thus,
ground-water discharge can be essential to the
preservation of certain wetland habitats.

The hydrologic connection between sinkhole
ponds and the shallow aquifer system: The hydro-
logic connection between sinkhole ponds and the
shallow aquifer system from the water table to sat-
urated sediments in the Cornwallis Cave aquifer
and the location of the ponds in the physiographic
setting can affect the timing and duration of stand-
ing water. Because sinkholes likely are directly
connected to the Columbia aquifer, these systems
likely are poorly buffered and susceptible to con-
tamination from outside sources. By better under-
standing the role of these connections in
maintaining wet conditions and the water quality,
appropriate preservation techniques can be identi-
fied.

Ground-water flow paths and age: Determination
of ground-water flow paths and age is among the
most essential needs for evaluating the effects of
ground-water discharge to streams and wetlands.
This research is essential in evaluating sources of
contaminants and their transport through the sys-
tem. This research also is critical for designing
effective monitoring and other research at York-
town Battlefield.
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Title: Effects of Hydrology on the Hydroperiods and Water Quality of Sinkhole
Ponds, Yorktown Battlefield, Virginia

Park: Colonial National Historical Park - Yorktown Battlefield
Service-Wide Issues:

Amount Requested: $305,000 over three years

Park Contact: Charles Rafkind

ABSTRACT shallow, seasonal ponds. These ponds primarily are
present on the Grafton Plain (fig. A1). Second-growth
Sinkholes formed by the collapse of surface  hargwoods and pines surround many of the ponds. The
sediment after the dissolution of underlying shell combination of varied size and hydroperiods (seasonal
material are scattered across the uplands at Yorktownpattem of water levels) of the ponds and varied
Battlefield, Colonial National Historical Park, Virginia, amounts of shade from the canopy of the trees provides
and surrounding areas. These sinkholes fill with waterpgpitat that supports diverse communities of wetland
from the winter to early summer, forming seasonal  flora and fauna. Because these ponds are seasonal and
ponds that are important habitat for amphibians and generally are not connected to streams or other
other organisms. The sources of water to the sinkholeﬁermanent water bodies, few large aquatic predators
and flow paths to and from the sinkholes affect both theyre present. Therefore, the ponds are important habitat
hydroperiods (seasonal pattern of water levels) and thg; numerous amphibians and other organisms. The
water quality of these ponds and their suitability as  \yoodlands surrounding the ponds also are habitat for

is to evaluate the effects of these sources on the The ponds at the battlefield are part of the

hydroperiods and the water quality of selected sinkholgsrafton Ponds complex, one of the most
ponds and the likely effects of the water quality on théenvironmentally sensitive environments in Virginia.
ponds as habitat. This information will be used by parkithin the complex, 11 plants and animals (commonly

staff to manage and protect sinkhole ponds and called natural heritage resources) have been identified

associated ecosystems that have had minimal as rare in Virginia (Virginia Department of

disturbance and to restore those that have been Conservation and Recreation, 1998). Consequently, the

appreciably altered. Virginia Department of Conservation and Recreation
has designated a part of the complex south of the

PROBLEM battlefield as a state natural area preserve, the Grafton
Ponds Natural Area Preserve (fig. Al). The preserve

Yorktown Battlefield, Colonial National contains 70 ponds that are located in a water-supply

Historical Park, is located in York County, Virginia,  protection area owned by the City of Newport News.
between the James River and York River estuaries (figlhe designation as a natural area preserve includes a
A1l). The battlefield is in the rapidly urbanizing perpetual “Deed of Dedication” that is recorded with
Hampton Roads area of southeastern Virginia. the property deed and that restricts future use of the
Sinkhole ponds are one of various types of wetlands land to those uses that protect its natural heritage
present at the battlefield and surrounding areas. The resources. In discussing the variability among the
sinkholes were formed by the collapse of surface ponds, the Grafton Ponds Natural Area Preserve
sediments after the dissolution of shell material in ~ Resource Management Plan (Virginia Department of
underlying sediments. In a typical year, water fills the Conservation and Recreation, 1998) states, “Because of
sinkholes from December to the end of July, forming this diversity, the pond complex as a whole is more
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valuable ecologically than the sum of each of the ponds Water quality can affect ponds as habitat for
individually.” Consequently, preserving existing ponds amphibians. In studies of spotted salamanders

and restoring additional ponds, including those in (Ambystoma maculatum) in ponds in eastern Virginia,
Colonial National Historical Park, will help preserve Blem and Blem (1989, 1991) determined that low pH
these fragile environments. Preserving and restoring of pond water was associated with a lack of egg masses

these ponds are important elements of the park- in the ponds. The lack of egg masses was also
management plans. associated with aluminum, copper, and lead elevated
Aerial photographs showed 35 possible sinkholeabove background concentrations; these elevated
ponds at Yorktown Battlefield. Based on field concentrations can result from the low pH. These
verification of these sites and characterization of their results are similar to those of research on other
hydroperiods and biota, only four sites meet the amphibian habitat.
definition of seasonal ponds (Virginia Department of Sources of water and flow paths to and from the
Conservation and Recreation, 1999, 2000). This sinkholes affect the hydroperiods and water quality of

definition requires that the pond is seasonally to semi-the ponds and, therefore, affect the ponds as habitat for
permanently flooded and supports at least one obligatsmany organisms. Direct precipitation, surface runoff,
wetland indicator (organism requiring a wetland to  and ground water are likely sources of water to these
complete its life cycle) or a prevalence of facultative systems (fig. A2A); the relative contribution and effects
wetland indicators (organisms that can complete their on water quality of each source, however, are unknown.
life cycles both in and out of a wetland). Six other Surface runoff from the surrounding land contributes
sinkholes located in mowed fields have been water to the ponds; the extent of the contributing area
appreciably altered and have the potential to meet thislepends on the topography around each pond. Because
definition if restored to natural conditions. Additional these ponds are located on the Grafton Plain, a low-
ponds not identified in the aerial photographs are alsorelief plain, and because woodlands surround many of

present at the park. the ponds, a large part of the precipitation probably
Reconnaissance water-quality sampling of infiltrates the soil and recharges the ground water.

selected ponds and shallow ground water by the U.S. The surficial or Columbia aquifer, the

Geological Survey (USGS) and the Virginia intervening Cornwallis Cave confining unit, and the

Department of Conservation and Recreation, Division underlying Cornwallis Cave aquifer are the parts of the
of Natural Heritage indicates that water in the ponds ishallow aquifer system that likely affect the

of low pH and has a low specific conductance. Thus, hydroperiods of the ponds. The shallow aquifer system
the ponds would have a low acid neutralizing capacityhas been studied in York County (Brockman and

and, therefore, would be sensitive to chronic and Richardson, 1992; Richardson and Brockman, 1992)
episodic acidification from acidic atmospheric and at Yorktown Battlefield (Speiran and Hughes,
deposition. These conditions would mobilize 2001). Although these studies provide a general
aluminum and other heavy metals. The pH of water framework of the shallow aquifer system for areas near
from two springs discharging from the Columbia the ponds, a more detailed assessment is needed of the
aquifer at Yorktown Battlefield (the aquifer that hydrologic connection between the ponds and the
contributes water to the ponds) was 4.5 and 5.1 units, shallow aquifer system.

the specific conductance was 56 and tS¢cm, and Because the ponds are in sediments that form the
aluminum concentrations were 140 and 410 Columbia aquifer and are located in upland recharge

micrograms per liter. The pH of water from 34 ponds areas, only the Columbia aquifer likely contributes
near the natural area preserve ranged from 4.19 to 6.4ffound water to most ponds. At least four types of
units (median 4.55) on June 11, 1997 (Rawinski, 1997)hydraulic connection between the ponds and the

Only three ponds had a pH greater than 5.0. In Marchshallow aquifer system are possible (fig. A2). If

2000, the specific conductance of water from four sediments in the bottom of the ponds are of sufficiently
ponds at Yorktown Battlefield ranged from 26 top&  low permeability, the ponds can be hydraulically

cm. Details of the water quality of the ponds and isolated from the Columbia aquifer, possibly creating
possible effects of the water quality on the pond biota,perched conditions (fig. A2B). If the ponds are
however, remain uncertain. hydraulically connected to the Columbia aquifer, two

conditions are possible. Where the Cornwallis Cave
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Figure A2. Selected possible hydrologic relations between the seasonal ponds and the shallow aquifer system
near Yorktown Battlefield, Colonial National Historical Park at Yorktown, Virginia; (A) the Columbia aquifer
perched and having a high water table (the upper part of the Cornwallis Cave aquifer is unsaturated), (B) the
Columbia aquifer perched and having a declining water table, (C) the seasonal pond perched, and (D) the
Columbia and Cornwallis Cave aquifers saturated with a declining water table.
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aquifer is unconfined, the Cornwallis Cave confining PROJECT DESCRIPTION

unit can perch the ponds and the Columbia aquifer (fig. _ o

A2C). Where sediments in the bottom of the ponds and ~ The purpose of this project is to evaluate the

the Cornwallis Cave confining unit are of sufficient  €ffects of hydrology on the hydroperiods and the water

permeability and the Cornwallis Cave aquifer is quality of selected sinkhole ponds. This information
confined, the ponds will be well connected to the can be used to manage and protect those ponds and
Cornwallis Cave aquifer (fig. A2D). associated ecosystems that have had minimal

The configuration of the Cornwallis Cave disturbance and that meet the definition of seasonal
confining unit near the sinkholes can affect the ponds and to restore those that have been appreciably

hydrology of the Columbia aquifer and the contributionaltered.

of ground water to the sinkholes. Because the collapse  This project will be an intensive study conducted
of surficial sediments results from the dissolution of ~OVver a 3-year period. The first year will consist of

shell material in the Cornwallis Cave aquifer, the characterizing the pond areas, establishing the initial
Cornwallis Cave confining unit that lies between the ~data-collection network, collecting basic hydrologic
Cornwallis Cave aquifer and land surface likely has ~and water-quality information, and finalizing the main
collapsed near the sinkholes. Such collapse would altefata-collection network. Because of the amount of
the elevation of the top of the confining unit and the  effort required to characterize the pond areas and
hydraulic properties of the confining unit near the establish the data-collection network, a large part of the
sinkholes. These changes could affect the hydroperiod8flow period will have passed before the data-

of the ponds by affecting the flow of ground water to collection network is established. The second year will

the pond through the Columbia aquifer and the be the principal year for data collection. Data collection

downward leakage of water from the pond. will be at a low intensity while the ponds remain dry
Pathways for discharge of water from the ponds @nd will be at the greatest intensity when water inflow

also affect the hydroperiods of the ponds. to the ponds is appreciable, probably from December to

Evapotranspiration, surface-water drainage, lateral ~May; it will then decrease as inflow decreases and the
flow through the Columbia aquifer, and downward ponds become dry. In the third yea, data collection will
leakage are likely discharge pathways. be reduceq an_d the emphasi_s will be on monitoring the
Evapotranspiration is likely an important discharge ~ Period of high inflow. Data will be analyzed as the
pathway for most ponds. Surface-water drainage is Project continues, and a report summarizing results will
only a discharge pathway when the level of a pond b€ written the third and final year of the study.

exceeds the elevation of part of the rim of the pond. ~ The primary data-collection sites will be four
Discharge to the Columbia aquifer is likely if a pond is Sinkhole ponds having different landscape positions
hydraulically connected to the aquifer. Downward ~ and different ecological importance; two of the ponds
leakage from a pond through the underlying CornwallisVill be minimally disturbed and two will be

Cave confining unit and into the Cornwallis Cave appreciably altered. One of the minimally disturbed
aquifer is possible, depending on the hydraulic ponds will be studied more intensively than the others.
connection with the Cornwallis Cave aquifer. The data-collection network will consist of a

The hydraulic connection between the ponds andPrecipitation-monitoring network, runoff-collection
the Cornwallis Cave aquifer is uncertain but can affectSystems, and monitoring wells and piezometers.

the hydroperiods in two ways. If ponds are perched, Before the wells and piezometers are installed,
pumpage that reduces head in the aquifer will have hydrologic and geophysical surveys will be conducted.
little effect on the hydroperiods. If ponds are well While the sinkholes contain water, mini-piezometers
connected to the aquifer and all sediments from the ~Will be used to identify spatial differences in vertical
ponds to the bottom of the aquifer are saturated, ~ gradients between pond levels and shallow ground-
pumpage that reduces head in the aquifer beneath thé/vate_r levels. This mfor_matlon will be used to identify
ponds would increase the downward hydraulic possible areas of flow into and out of the ponds.
gradient. The increased gradient would increase the Surface-geophysical surveys also will be conducted to
rate of downward flow of ground water, thereby evaluate subsurface geohydrologic features near the
reducing the hydroperiods of the ponds. sinkholes. The most appropriate techniques will be

determined in consultation with the Branch of
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Geophysical Applications and Support of the USGS; changes in the levels, vertical and lateral hydraulic
DC resistivity appears to be one technique that will begradients, and the vertical continuity in saturation of
useful. Results of both surveys will be used to select the sediments. Water levels will be measured

sites for well installation. After wells have been continuously in selected wells and two ponds to
installed, borehole geophysical logs will be run on evaluate lateral and vertical changes in hydraulic
wells of sufficient depth. The surface-geophysical gradients between the ponds and the aquifer that result

survey will then be interpreted in greater detail by use from the combination of surface runoff and ground-
of the lithologic logs and borehole geophysical logs. water recharge. Continuous ground-water levels will be
Wells will be installed in the Columbia aquifer to used to evaluate the effects of ground-water recharge
evaluate hydraulic gradients, the flow of water betweerand evapotranspiration.
the ponds and the aquifer, and the possible effects of Pond water, surface runoff, and ground water
such flow on the hydroperiods and water quality of thewill be sampled and analyzed for a variety of
ponds. Two transects of well clusters will be properties. Specific conductance, pH, and temperature
constructed orthogonal to each other across, and of water from selected wells and the ponds will be
outside of, the selected sinkholes. Holes will be hand periodically determined in the field. Samples from a
augered to the Cornwallis Cave confining unit, if smaller number of selected wells and the ponds will be
possible, at each well site. Information from the augeranalyzed for concentrations of major ions; nutrients;
holes along with results of the surface-geophysical  organic carbon; trace metals; the stable isotopes of
survey will be used to determine the configuration of oxygen, hydrogen, and nitrogen; dissolved gases; and
the top of the confining unit. At each site possible, onetracers used for age-dating ground water. Not all
well will have a 1-ft-long screen open just above the properties will be determined for all samples. Results
confining unit; one will have a 1- to 5-ft-long screen  of these analyses will be used to assess water sources
open from near land surface to below the water table. l&and flow paths, the water quality of the ponds, and the
the well site is inside the maximum perimeter of a effects of water sources and flow paths on the water
pond, the top of the screen of the shallow well will be quality.
at least 1 ft below the bottom of the pond so that water Water-level and water-quality data collected
levels and quality in the well will not be directly during this study at other ponds in the Grafton Ponds
affected by water in the pond. The annulus between th€omplex will be supplied by the Division of Natural
well and the wall of the borehole will be sealed with  Heritage. These data will be compared with data
bentonite above the top of the screen to prevent an  collected as a part of this study to determine the
increased hydraulic connection between the pond andcomparability of the ponds at the battlefield with those

the aquifer. in the preserve. The Division of Natural Heritage will
Additional wells will be installed in the also provide field support for installation of the data-

Cornwallis Cave aquifer at selected clusters to collection network and for data collection. Staff of the

determine if the sinkholes are perched or if all National Park Service (NPS) will provide global

sediments below the sinkholes are saturated. These positioning system (GPS) support and digital
wells will be installed at two clusters at two sinkholes: photographs of the ponds and data-collection network.
one cluster inside of each sinkhole, and one cluster NPS staff and (or) student volunteers will also help in
outside of each sinkhole. Wells will be installed with  the collection of data immediately following storm
screens open to the top and bottom of the Cornwallis events. Gerald Johnson, Professor at the College of
Cave aquifer, if possible. William and Mary, and C. Richard Berquist, geologist
Vertical hydraulic conductivity and specific yield at the Virginia Division of Mineral Resources, will
will be analyzed for selected sediment cores. Vertical provide technical assistance in the evaluation of the
hydraulic conductivity will be used to evaluate the geology of the sites.
vertical hydraulic connection between the ponds and
the Cornwallis Cave aquifer. Specific yield of shallow
sediments will be analyzed to help evaluate the amount
of ground-water recharge and discharge.
Water levels will be measured periodically in all
wells and associated ponds to determine seasonal
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numerous organisms. Preservation of the ponds at
Yorktown Battlefield would help extend the area of the
pond complex preserved in the Grafton Ponds Natural
Area Preserve south of the park, thereby reducing the
possible isolation of this ecosystem. Because of the
limited disturbance of the land at the Yorktown
Battlefield, the park provides an opportunity to protect
a type of ecosystem that is subject to the effects of
development in many areas outside of the park.
Selected sinkholes in mowed areas potentially can be
restored to natural conditions, thereby further
increasing the extent and number of protected ponds.
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element of the park-management plans.
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2. Severity of Resource Threat, Problem,
or Need

Yorktown Battlefield is located in the rapidly
urbanizing Hampton Roads area of southeastern
Virginia. Increased urbanization has destroyed or
appreciably altered many of the ponds and associated
ecosystem in the Grafton Ponds Complex. Continued
surbanization will further threaten these ponds and
ecosystems.

3. Problem Definition and Information
Base

The plant and animal communities of the
'Grafton Ponds Complex have been extensively
inventoried and evaluated (Rawinski, 1997; Roble,
1998). Recent studies at Yorktown Battlefield have
inventoried sinkhole ponds that were identified from
aerial photographs and have inventoried the biota of
these ponds. Ponds not identified in the photographs,
however, are present at the park but have not been
inventoried. Basic evaluations of the framework,
hydrology, and water quality of the shallow aquifer
system with which the ponds interact have been



conducted (Brockman and Richardson, 1992; concerning ground-water, surface-water, and water-
Richardson and Brockman, 1992; Speiran and Hughesjuality issues at Yorktown Battlefield.

2001). The effects of the hydroperiods and water

quality on the suitability of the ponds as habitat for the

biota, however, have not been assessed.

4. Feasibility

The objectives of the project can be
accomplished with the full funding and in the
timeframe (3 years) of the study.

5. Problem Resolution

Understanding the hydrology of the sinkhole
ponds will provide information essential for the NPS to
manage and protect the ponds and associated
ecosystems. This information can also be used in
possible restoration of the habitat in sinkholes in areas
that have been appreciably altered by mowing or other
activities.

6. Transferability

Knowledge provided by this project will be
directly applicable to other ponds in the Grafton Pond
Complex. Such information will be critical in
managing and protecting the ponds inside and outside
of the park as a unified ecosystem. Results of the study
also could be useful in understanding the hydrology
and water quality for managing and protecting seasonal
ponds in similar geohydrologic environments.

7. Cost Effectiveness

This study will provide the knowledge necessary
to effectively manage sinkhole ponds and provide the
desired level of protection. This information will help
to differentiate those activities that pose a serious threat
to the ecology of the ponds from those that pose
minimal threat. In addition to providing information on
the sinkholes, this project will provide key information
on the framework and hydrology of the shallow aquifer
system at the park. This information will provide a
baseline for long-term hydrologic and water-quality
monitoring that will be important for other projects
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Title: Effects of Ground-Water Discharge from the Shallow Aquifer System on the

Water Quantity and Quality of Nontidal Streams and Riparian Wetlands, Yorktown
Battlefield, Virginia

Park: Colonial National Historical Park- Yorktown Battlefield
Service-Wide Issues:

Amount Requested: $550,000 over three years

Park Contact: Charles Rafkind

ABSTRACT Wetlands at the park include palustrian-forested
wetlands in the valleys of most streams, tidal marshes
Ground-water discharge likely contributes about i, the lower parts of tributaries to the York River, and
50 to 75 percent of the water to streams and associate@asonal sinkhole ponds in the uplands. These streams
riparian wetlands at Yorktown Battlefield, Colonial and wetlands provide (1) critical habitat for rare,
National Historical Park, Virginia. These streams and threatened, and endangered species, (2) nurseries for
wetlands provide (1) critical habitat for rare, numerous commercial and recreational sport fishery
threatened, and endangered species, (2) nurseries forspecies, and (3) opportunities for observation,
numerous commercial and recreational sport fishery egucation, and recreational fishing. Although these
species, and (3) opportunities for observation, ecosystems are not unique within the region, the park
education, and recreational f|3h|ng Although these provides an Opportunity to manage and protect these

ecosystems are not unique within the region, their  ecosystems in a manner that is limited outside of the
presence in the park provides an opportunity to managgark.

and protect these ecosystems in a manner that is limited Because the streams and wetlands are well

outside of the park. Knowledge of the effects of connected to the shallow aquifer system, ground water
ground-water discharge on the quantity and quality of gischarge can appreciably affect the quantity and
water in these environments, therefore, is critical to theyuality of water in these environments. Although the
management and protection of these streams, wetlandspntribution of ground water to streamflow has not

and associated aquatic ecosystems. The purpose of thigen evaluated at Yorktown Battlefield, ground-water
project is to evaluate the effects of ground-water discharge contributes 47 to 79 percent of the annual

discharge on the quantity and quality of water in the = sreamflow across the Coastal Plain of Virginia
streams and associated nontidal riparian wetlands at (Richardson, 1994).

Yorktown Battlefield. Upper parts of the basins draining to many of the

streams and associated riparian wetlands at Yorktown

PROBLEM Battlefield originate outside the park. Consequently,
land use and hydrologic and geochemical processes
Yorktown Battlefield, Colonial National outside of the park affect the quantity and quality of
Historical Park, is located in the Coastal Plain of water in the streams and riparian wetlands of the park.
Virginia between the James River and York River Because of the connection between the park and

estuaries (fig. A1). Beaverdam Creek and its tributariesurrounding areas, park managers work closely with
drain to the James River estuary. Three small streamsPlanners and managers of other agencies to help
and their tributaries drain to the York River estuary. ~manage the region’s resources in a manner compatible
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with park objectives. Knowledge of processes that  natural streamflow is entirely ground-water discharge.
control the quantity and quality of water in the streamsWhen streamflow is high, riparian wetlands can

and riparian wetlands of the park is necessary to become inundated by stream water; the effects of
communicate the implications of local land-use ground water on these wetlands are limited. When
management on the aquatic resources of the park.  standing water is absent across much of the wetlands
Because the characteristics of the parts of these and precipitation is limited, ground water can be the

systems inside and outside of the park are similar,  only source of water available for evapotranspiration.
managers outside of the park can use knowledge Thus, ground water can be an essential source of water
obtained inside of the park. for sustaining the vegetation in many wetlands during
Although the shallow aquifer system at dry periods. Additionally, because ground water is an
Yorktown Battlefield is part of a system that extends important source of water to the streams and riparian
into surrounding areas, stream incisement into the  wetlands at the park, ground water can appreciably
shallow aquifer system probably limits the lateral and affect the water quality of these streams and wetlands

vertical extent of shallow ground-water flow. The and can be an important source of nutrients and
shallow aquifer system near Yorktown Battlefield possibly other contaminants.

(from shallowest to deepest) consists of the Columbia The quality of ground-water discharge is
aquifer, the Cornwallis Cave confining unit, the controlled by a combination of land use, natural

Cornwallis Cave aquifer, the Yorktown confining unit, sources, and natural hydrologic and geochemical
and the Yorktown-Eastover aquifer (Brockman and  processes. Land use in the park primarily consists of
Richardson, 1992; Brockman and others, 1997) (fig. forests and fields. Urban areas that are not part of park
A3). Most of the ground water flows through the property are located inside the outer boundary of the
Columbia and Cornwallis Cave aquifers because of park. A combination of forested and developed land
stream incisement into these aquifers. Because of thecovers outside areas draining to the park. The mineral
spatial variability in the near-surface geology at the and organic content of the aquifers are natural sources
park (Johnson, 1972) and because of stream incisemefutr dissolved constituents in ground-water discharge.
into shallow sediments, the extent and characteristics dkquifer and confining unit composition and
the Columbia aquifer and Cornwallis Cave confining topography are the primary factors that affect
unit vary spatially across the park. Such variability =~ hydrology. The mineral and organic content and
affects the hydrologic connection between the shallowhydrology of the aquifers and confining units control
aquifer system and the streams and riparian wetlandsaquifer geochemistry. Thus, characteristics of the
The discharge of ground water varies spatially aquifers through which ground water flows and
across the park. Ground water typically recharges in discharges can appreciably affect the quality of ground-
the uplands and discharges to ditches, seeps, springsyater discharge.
streams, and wetlands (fig. A3). A substantial amount The effects of the Columbia aquifer on ground-
of ground water discharges through springs that water quality appear to differ from those of the
generally are located at the base of valley slopes, in Cornwallis Cave aquifer. Water that only flows through
stream valleys, and in streambeds. Ground water alsothe Columbia aquifer before discharging, for example,
discharges diffusely through streambeds and across is acidic (pH less than 5.0) and has a low acid
riparian wetlands as evapotranspiration. Because neutralizing capacity. Because of the high shell content
streams in the York River Basin incise more deeply intcof the Cornwallis Cave aquifer, however, water that
aquifer sediments and have steeper valley walls than flows through this aquifer along part of its flow path
streams in the James River Basin, the characteristics generally has a neutral to basic pH and a high acid
the hydraulic connection and ground-water discharge neutralizing capacity. Such differences in water quality
likely differ between the basins. can affect constituents that are transported from land
The contribution of ground-water discharge to surface or derived from the aquifers. Water from the
streamflow and evapotranspiration relative to other ~ Columbia aquifer that has a low pH can potentially
sources of water also varies temporally. During have high concentrations of heavy metals derived from
stormflow periods, streamflow consists of a aquifer sediment or other sources, whereas
combination of direct precipitation, surface runoff, andconcentrations likely are low in water that flows
ground-water discharge; during base-flow periods,  through the Cornwallis Cave aquifer.
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Another likely effect on ground-water quality is wells, mini-piezometers temporarily installed in
the presence of abundant organic material in parts of streambeds, and seepage collectors temporarily
the Columbia aquifer. Dissolved oxygen will likely installed in streambeds. Spring discharge, streamflow,
become depleted in water that flows through such partground-water levels, and ground-water and stream-
of the aquifer. Low dissolved-oxygen concentrations water quality will be measured during one high and one
will alter the chemistry of the ground water, resulting inlow base-flow synoptic study. Ground-water levels and

denitrification of nitrate and other possible general ground-water and stream-water quality will be
geochemical processes. monitored periodically at selected sites. Streamflow
Consequently, knowledge of the effects of and ground-water levels will be monitored

ground-water discharge on the quantity and quality of continuously at selected sites. Because flow in

water in streams and riparian wetlands is essential to Yorktown Creek is largely tidal, streamflow will not be
effective management and protection of the natural continuously monitored on Yorktown Creek.

resources at Yorktown Battlefield. Such knowledge is Before installing fixed-location data-collection
needed to differentiate the effects of ground-water  sites, hydrologic and geophysical surveys will be
discharge from those of surface runoff on stream-wateconducted to identify spatial differences in the aquifer
quality. This knowledge is also needed to develop and confining unit sediments and areas of ground-water
management practices inside and outside of the park discharge and recharge through streambeds. Surface-
that will protect stream-water quality in the park. This geophysical surveys will be conducted from the
knowledge can also be used to help develop an uplands on one side of the streams across the riparian
effective surface-water-quality monitoring program.  wetlands to the uplands on the other side of the
streams. The most appropriate techniques will be
determined in consultation with the Branch of
Geophysical Applications and Support of the U.S.

The purpose of this project is to determine the Geological Survey; DC resistivity appears to be one

effects of ground-water discharge on the quantity and technique that will be use_ful._ These SUurveys W.'“ pe
quality of water in streams and nontidal riparian usepl to evaluate the cont_lnuny gnd discontinuity in _
wetlands at Yorktown Battlefield. In particular, the sediments of the Columbia aquifer and the Cornwallis

timing, location, and potential magnitude of these ~ C@V€ confining unit. Surveys also will be used to
effects will be evaluated. Park staff will use this evaluate the depth of the water table and possibly the
information (1) to protect and manage the aquatic ~ 9ePth ththe YorktO\;vn conflnmg”ubnlt. ducted
ecosystems, (2) to work closely with planners and Other types of surveys will be conducted to

managers of other agencies to help manage the regior_e\‘/aluate ground-water discharge and recharge through

resources outside of the park in a manner compatible streambeds. Streamﬂ_ow will be measured at inte_rvals

with park objectives, and (3) to design an effective along the streams to identify reaches of water gain

surface-water-quality monitoring program. (ground-water dlscharge) gngl water loss (ground-yvater
Because the hydraulic connection and the natur‘recharge). Temporary mini-piezometers will be driven

of ground-water discharge to streams in the James into streambeds at points in sections across the streams
River Basin apparently differ from those in the York

PROJECT DESCRIPTION

to identify differences in vertical gradients between
River Basin, the study will include sites on Beaverdamdround-water levels and stream-water levels. Seepage

Creek and its tributaries (James River Basin) and on f:ollei:torsdwnl be |Estqlled tempgrarllilj_and mo%norgd
Yorktown Creek and its tributaries (York River Basin) :n sel S_Cf;(e areas ar:/lng upwadr gra |(|ants ol enlpfy f
(fig. Al). Each basin will be studied as a separate ocal difterences in the rate and general water quality o

hydrologic system, and the characteristics of the two ground-water discharge. Collectively, this information
systems will be compared will be used to select sites for well and streamflow-

A combination of ground-water and surface- gage installation and sites for data collection during

water information will be collected as a part of short- SYNoptic studies.

term (several weeks) synoptic studies and continuous EIUSt‘TrS gf wells will _ze mfstslled In transects X
long-term (1 to 2 years) monitoring. Ground water will rom the uplands on one side of the stream across the

be monitored at springs, individual wells, clusters of riparian wetlands to the uplands on the other side of the
stream. Holes will be hand augered through the
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Cornwallis Cave confining unit into the Cornwallis will be determined periodically in the field in water

Cave aquifer, if possible, at each well site. Clusters willfrom selected wells, springs, and sections in the
contain wells having screens open to the top and streams. Samples also will be collected during a spring
bottom of the Columbia aquifer where sediments of thebase-flow period from a smaller number of selected
Columbia aquifer are saturated; wells will be open to wells, springs, mini-piezometers, seepage collectors,
the top and bottom of the Cornwallis Cave aquifer and stream cross sections for analysis of concentrations
where possible. Additional wells will be installed in the of major ions; nutrients; organic carbon; heavy metals;
Cornwallis Cave aquifer (where such wells cannot be the stable isotopes of oxygen, hydrogen, and nitrogen;
installed in hand-augered holes) and in the top of the dissolved gases; and tracers used for age-dating ground
Yorktown-Eastover aquifer by use of an auger rig or water. Not all properties will be determined for all
geoprobe at selected sites. These wells will be installesamples. Results of these analyses will be used to

at one site in the uplands on either side of the stream assess the effects of ground-water discharge on the
and at one site adjacent to the stream in at least one quality of water in streams and riparian wetlands at
transect. Information from the auger holes and results Yorktown Battlefield.

of the surface-geophysical surveys will be used to

refine the framework of the shallow aquifer system

along the transects. Frameworks along the transects REFERENCES

will be incorporated mto the existing general Brockman, A.R., Nelms, D.L., Harlow, G.E., Jr., and Gildea,

framework for the entire park. o J.J., 1997, Geohydrology of the shallow aquifer system,
Vertical hydraulic conductivity and specific yield Naval Weapons Station Yorktown, Yorktown, Virginia:

will be analyzed for selected sediment cores. Vertical U.S. Geological Survey Water-Resources Investigations

hydraulic conductivity will be used to evaluate the Report 97-4188, 61 p., 1 plate.

vertical hydraulic connection between aquifers and  Brockman, A.R., and Richardson, D.L., 1992, Hydrogeo-

between the Columbia aquifer and the streams. logic framework of the shallow aquifer system of York

Specific yield of shallow sediments will be analyzedto ~ County, Virginia: U.S. Geological Survey Water-

help evaluate the amount of water discharged by Resources Investigations Report 92-4111, 36 p.

Johnson, G.H., 1972, Geology of the Yorktown, Poquoson
West, and Poquoson East quadrangles, Virginia: Vir-

Precipitation amounts will be monitored Lo T ) .
continuously at a field in the Beaverdam Creek ginia Division of Mineral Resources, Report of Investi-
gations 30, 57 p.

Watershed. Precipitation amounts and timing will be - g;chardson, D.L., 1994, Ground-water discharge from the
compared to streamflow and ground-water levels. Coastal Plain of Virginia: U.S. Geological Survey

Water levels will be measured periodically in Water-Resources Investigations Report 93-4191, 15 p.
wells and adjacent streams and wetlands to determine
seasonal changes in ground-water levels, vertical and
lateral hydraulic gradients, and the vertical continuity RANKING CRITERIA
in saturation of the sediments. Water levels will be
measured continuously in selected wells to evaluate L
short-term changes in ground-water levels that includel- Significance of the Resource or Issue to
the effects of recharge and discharge to the Park
evapotranspiration and streams.

Streamflow and stream-water temperature and
specific conductance will be monitored continuously at
two sites in the Beaverdam Watershed. This
information will be used to separate base-flow from
stormwater-runoff periods.

Ground water from wells, spring water, stream
water, and ground-water seepage from the streambed
will be collected and analyzed for a variety of
properties. Specific conductance, pH, water
temperature, and concentrations of dissolved oxygen

evapotranspiration and other pathways.

The streams and riparian wetlands of Yorktown
Battlefield provide important habitat for numerous
species. Although no ecosystem is unique in the region,
riparian wetlands in lower Beaverdam Creek and an
unnamed tributary in the lower part of the basin are part
of critical habitat for rare, threatened, and endangered
species. Other areas are nurseries for important
commercial and recreational sport fishery species.
Additionally, many areas also provide unique
opportunities for observation, education, and
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recreational fishing that are important in the rapidly  at Yorktown Battlefield depend on knowledge of the
urbanizing Hampton Roads area. Because of the effects of ground-water discharge on the quantity and
limited disturbance of the land at Yorktown Battlefield, quality of water in streams and riparian wetlands.
the park provides an opportunity to protect types of  Although additional information will be needed, this
aquatic ecosystems that are subject to the effects of study will provide information essential to achieving
development in rapidly urbanizing areas outside of thethese goals. Results of this study can be used to help
park. Protection of these areas at the park can serve aestablish effective long-term monitoring of ground-
model for the surrounding area. water and surface-water quality and will provide a
basis for evaluation of the monitoring data. This
research will provide necessary base-line information
2. Severity of Resource Threat, Problem, for managing and preserving the streams, wetlands,
or Need and associated aquatic ecosystems at the park.

Yorktown Battlefield is located in the rapidly
urbanizing Hampton Roads area of southeastern 6. Transferability
Virginia. Most of the streams and riparian wetlands at
Yorktown Battlefield are parts of systems that extend Because the hydrologic system at Yorktown
beyond the park. As such, activities outside of the pariBattlefield extends beyond the park, this information
can affect the quantity and quality of water in streams can be directly transferable to other areas in the region.
and wetlands at the park. Because land use at the parThis is particularly important to park managers because
can be controlled, aquatic ecosystems inside the parkmany of the streams that drain the park flow into the
can be better preserved and managed than many of park from surrounding areas. Thus, other agencies can
those outside the park. Some of the possible threats, use this information for managing and protecting
problems, and needs, however, remain uncertain streams and wetlands outside of the park, including
because studies of off-site effects on the water qualitythose that affect the park.
of streams and wetlands at Yorktown Battlefield have

been limited. ]

7. Cost Effectiveness
3. Problem Definition and Information This project will provide essential information
Base for (1) the protection and management of streams,

riparian wetlands, and associated critical aquatic

Ground-water discharge can appreciably affect ecosystems at the park, (2) the design of effective
the quantity and quality of water in streams and surface-water and ground-water quality monitoring
riparian wetlands at Yorktown Battlefield. Possible ~ programs, and (3) the analysis of results from these
effects of the ground-water discharge, however, have programs. Without knowledge provided by this study,
not been studied. Studies of the water quality of the management of these areas will be less effective and
nontidal streams and riparian wetlands are also limiteccould fail to provide the desired level of protection.

such that potential problems have not been identified. This information can be used to plan the frequency and
timing of sample collection that can be designed to

target desired conditions. In so doing, a cost-effective

4. Feasibility long-term monitoring program can be developed. In
o . addition to providing information on these systems,
The objectives of the project can be accom-  thjs project will provide key information on the
plished wi_th full funding and in the timeframe (3 years) framework and hydrology of the shallow aquifer
of the project. system at the park. This information will be important

for other projects concerning ground-water and

. surface-water issues at Yorktown Battlefield.
5. Problem Resolution

Effective management and preservation of the
aquatic resources and monitoring of the water quality
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